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U ti^-isation des proteines ULIP dans le diagnostic e t 
la therapie des cance rs et des syndromes neurologiques paraneopla - 
s Iques" . 

L'invention concerne I'utilisation des proteines denommees 
ULIP/POP dans le diagnostic et la therapie des cancers et des syndromes 
neurologiques paraneoplasiques. 

Les syndromes neurologiques paraneoplasiques (SNP) 
surviennent a I'occasion d'un cancer, souvent avant sa decouverte et ne 
sont lies ni a la proliferation tumorale elle-meme (envahissement direct, 
metastases) ni a la therapie. Leur frequence est globalement est.mee a 
environ i % des cancers. Plusieurs tableaux cliniques ont ete depuis 
longtemps individualises (encephalomyelite. neuropathie sens.tive de 
Denny Brown, atrophie cerebelleuse, encephalite limbique. opsoclonus. 
...) correspondant en fait a I'atteinte soil elective soil preferentielle de 
certains groupes de neurones. La frequence des cellules inflammatoires 
au voisinage des lesions avait fait evoquer depuis de nombreuses annees 
la possibility d'un processus auto-immun ou viral. La mise en evidence, 
plus recente, d'auto-anticorps dans le serum et le liquide cephalo- 
rachidien (LCR) de patients souffrant de SNP, specifiques du type de 
tumeur et du type de neurones qui degenerent, a relance I'hypothese 
d'une participation de I'auto-immunite dans la genese de cette pathologie 
(Graus et at., 1985 ; Greenlee et al., 1983). 

Outre la presence d'un titre eleve de ces anticorps dans le 
sang et le LCR des patients, il existe plusieurs arguments suggerant que 
les SNP relevent de mecanismes auto-immuns. Ainsi. les antigenes 
reconnus dans le systeme nerveux central sont aussi presents dans les 
tumeurs des patients (Anderson et al., 1987). Au sein du tissu tumoral, on 
retrouve des anticorps specifiquement diriges contre ces antigenes ainsi 
que des lymphocytes B et T (Hetzel et al., 1990). 
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Ces donnees suggerent que le processus auto-immun serait 
decienche par ['expression d'antigenes tumoraux. Un processus 
d'immunite croisee provoquerait les lesions du systeme nerveux central. 
D'autres arguments indiquent en outre que les lesions cerebrates 
5 resultent de la reponse auto-immune. Ainsi t dans le cerveau des patients, 
le titre des anticorps specifiques est superieur a celui du serum et du LCR 
(Dalmau et al., 1991). De plus, dans le cas des encephalomyelites 
associees aux anticorps anti-Hu, il existe une reaction lymphocytaire 
intense, composee de cellules B et T, situee a proximite de neurones en 
10 voie de destruction (Dalmau et al., 1991 ; Graus et al., 1990). 

Plusieurs types d'auto-anticorps permettant des 
regroupements syndromiques precis en fonction de criteres 
immunologiques, neurologiques et carcinologiques ont ete decrits. 

Ainsi, les anticorps anti-Yo sont retrouves dans le serum et 
15 le LCR de femmes presentant une atrophie cerebeileuse paraneoplasique 
et un cancer gynecologique (ovaire, sein ou uterus) (Greenlee et al., 
1983 ; Jaeckle etal., 1985). 

Ces anticorps reconnaissent deux proteines cytoplasmiques 
de 34 et 62 kDa specifiques des cellules de Purkinje du cerveiet. 
20 Les anticorps anti-Ri sont retrouves dans le serum et le LCR 

de patients (principalement des femmes) presentant un opso-myoclonus, 
un syndrome cerebelleux et un cancer du sein. Ces anticorps 
reconnaissent deux proteines de 50 et 80 kDa specifiques des neurones 
du systeme nerveux central (Luque et al., 1991). 
25 Les anticorps anti-Hu sont les plus frequemment rencontres 

au cours des SNP. lis sont retrouves dans le serum et le LCR de patients 
presentant un syndrome de Denny-Brown ou une encephalomyelonevrite 
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et un cancer du poumon a petites cellules (Graus et al., 1985 ; Dalmau et 
al., 1992). Ces auto-anticorps reconnaissent plusieurs proteines de 37 a 
45 KDa exprimees specifiquement par ('ensemble des neurones du 
systeme nerveux. 

Recemment a ete identifie chez des patients presentant un 
SNP un autre type d'auto-anticorps : les anticorps anti-CV2 (Antoine et 
al., 1993 ; Honnorat et al., 1996). Ces derniers sent atypiques, en ce sens 
que la cible antigenique reconnue a 1'age adulte est essentieiiement non 
neuronale, alors que ('analyse du cerveau post-mortem de quatre pat.ents 
permet d'objectiver une perte neuronale, une gllose et un processus 
inflammatoire caracteristique des SNP. 

L'originalite de la decouverte de ces auto-anticorps 
res.de, d'une part, dans leur mise en evidence. Ces derniers avaient 
echappe a .'ensemble des investigations habituel.es qui consistaient a 
reveler les antigenes reconnus par immunohistochimie sur du cerveau 
post-mortem. L'antigene reconnu est en effet soluble et disparait du 
cerveau post-mortem dans la p.upart des conditions de fixation Seu.e 
une fixation du tissu post-mortem humain par immersion dans le 
paraldehyde ou in situ par perfusion de paraformaldehyde chez 
ran.mal, a permis de reveler la presence de ces anticorps dans le LCR ou 
le serum des patients atteints de SNP (Antoine et al., 1993 ; Honnorat et 
al., 1996). 

Les auto-anticorps anti-CV2 presents dans les serums de 
patents atteints de syndrome neuro.ogique paraneop.asique (SNP) ont 
ete definis par leur capacite a reconnaitre, par immunohistochim.e 
•nd-recte. un antigene cytop.asmique exprime specifiquement, dans le 
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cerveau de rat adulte, par une sous-population d'oligodendrocytes du 
tronc cerebral, de la moelle et du cervelet. 

L'originalite de ces auto-anticorps reside, d'autre part, dans 
leur interet diagnostique. Leur presence dans le serum ou le LCR de 

5 patients a valeur diagnostique puisqu'elle permet de preciser I'origine 
paraneoplasique d'un syndrome neurologique. La decouverte de ces 
anticorps lorsqu'elle precede celle du cancer, oriente la recherche de 
celui-ci et permet sa decouverte. Tei a ete le cas pour six patients sur 19 
presentant des anticorps anti-CV2. Les troubles cliniques etaient 

10 differents suivant les patients, certains presentaient un tableau 
d'encephalite limbique, d'autres une encephalomyelonevrite et d'autres 
un syndrome de Lambert-Eaton. Neanmoins, dans plus de 60 % des cas, 
le syndrome cerebelleux etait predominant. La tumeur la plus 
frequemment associee etait le cancer du poumon a petites cellules (60 % 

15 des cas). 

Des experiences sur des cerveaux de rats nouveaux-nes ont 
montre que ces anticorps anti-CV2 reagissaient avec une proteine de 66 
kDa (Honnorat et al., 1996). 

Cet antigene se situe dans le cerveau adulte dans une sous- 

20 population d'oligodendrocytes ou dans des cellules qui gardent des 
capacites de differenciation dans le cerveau adulte (bulbe olfactif, gyrus 
dente). L'antigene reconnu jouerait un role dans la survie neuronale, via 
des interactions Neurone/Oligodendrocyte, comme le suggere la perte 
des neurones observee dans le cerveau post-mortem de patients atteints 

25 de SNP. 

Son expression tres restreinte a Tage adulte contraste avec 
une expression tres forte et transitoire dans le systeme nerveux central et 



WO 98/37192 PCT/FR98/00328 



peripherique en developpement, suggerant le role probable de cet 
antigene dans le developpement du systeme nerveux. 

La Demanderesse a caracterise l antigene cible des auto- 
anticorps anti-CV2 qui correspond a une prote.ne c-apres designee par 
«POP-66» pour « paraneoplastic oligodendrocyte protein 66 kDa ». 

De maniere surprenante, il a ete decouvert que la proteine 
POP-66 appartient a la famille des proteines d.tes ULIP (pour Unc-33 like 
phosphoprotein), impiiquee dans le controle du developpement neuronal 
et le transport axonal, (T. Byk et al., 1996) et etud.ee aussi sous la forme 
des proteines CRMP (Goshima et al., 1995, Wang et al., 1996). TOAD-64 
(Minturn et al., 1995) et DRPs (Hamajima et a... 1996). Plus precisement, 
POP-66 a ete identifiee comme etant en fait la forme humaine de ULIP-4. 

L'ensemble des donnees deem ci-apres souligne la 
complete de cette famille de proteines, (existence d'un spectre 
^expression tres large des membres de cette famille dans le cerveau au 
cours de I'ontogenese, mais tres restreint chez I'adulte, ainsi que la 
specificite des anticorps anti-CV2 pour un membre de cette famille 
proteique ULIP, qui est en fait POP-66. 

Ainsi, la Demanderesse a montre que la proteine reconnue 
par les anticorps anti-CV2 de patients atteints de SNP est POP-66/ULIP-4 
et a etabli Implication des proteines ULIP dans les syndromes 
neurologiques paraneoplasiques et les cancers associes. Outre leur role 
dans les cancers associes aux SNP, la Demanderesse a egalement 
decouvert que les proteines de la famille ULIP pourraient jouer un role 
dans toute autre forme de cancer, non associee aux SNP Plus 
part,culierement, les proteines ULIP seraient notamment imp.iquees dans 
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les cancers de tissus ayant une origine embryonnaire commune avec le 
systeme nerveux central. 

La presente invention a done pour objet un polypeptide 
purifie UL1P, derive ou fragment polypeptidique dudit polypeptide purifie, 
5 comprenant une sequence d'acides amines choisie parmi SEQ ID n° 2, 
n° 4, n° 6 et n° 8. 

De maniere preferentielle, la presente invention a pour objet 
un polypeptide purifie, derive, ou fragment polypeptidique biologiquement 
actif dudit polypeptide purifie, comprenant la sequence d'acides amines 
10 SEQ ID n° 8, ledit polypeptide etant designe par « POP-66/ULIP-4 ». 

Un fragment du polypeptide de sequence SEQ ID n° 8 
d'interet est en particulier le fragment antigenique 
PARASCPGKIS (acides amines n° 517 a n° 527). 

Dans la description de I'invention, on utilise les definitions 

is suivantes : 

- derive : tout polypeptide variant du polypeptide de 
sequence SEQ ID n° 2, n° 4, n° 6 ou n° 8 ou toute autre molecule 
resultant d'une modification de nature genetique et/ou chimique de la 
sequence SEQ ID n° 2, n° 4, n° 6 ou n° 8, e'est-a-dire obtenue par 

20 mutation, deletion, addition, substitution et/ou modification chimique d'un 
seul ou d'un nombre limite d'acides amines, ainsi que toute sequence 
isoforme, e'est-a-dire une sequence identique a la sequence SEQ ID n° 2, 
n° 4, n° 6 ou n° 8 a i'un de ses fragments ou sequences modifiees, 
contenant un ou plusieurs acides amines sous la forme d'enantiomere D, 

25 lesdites sequences variantes modifiees ou isoformes ayant conserve au 
moins Tune des proprietes les rendant biologiquement actives. 
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- Biologiquement actif : presentant des propriety deduction 
et/ou de controle du developpemen, neuronal et/ou des proprie.es 

antigeniques. 

L'invention a egalement pour objet une sequence d'acides 
nucleiques isolee choisie parmi SEQ ID n° 1, n « 3, n«> 5 et n° 7 ou une 
sequence derivee des sequences SEQ ID n° 1, n ° 3, n» 5 et n° 7 du fait 
de la degenerescence du code genetique, ou du fait de mutat.on de 
deletion ou d'insertion d'nn mom* . 

, -— «" nuweoiiae, lesdites sequences 

denvees ayan, une activite biolog,que pratiquement ident.que a ce lle du 
peptide code par les sequences SEQ ID n" 1, n° 3, n> 5 et n- 7 

Us differentes sequences nuclectidiques de nnvenfon 

'"III d ' 0ri9 ' ne ar " fiCie " e ° U ^ " P6Ut S ' a * «° ^ces d'ADN 
ou dARN, obtenues par cnolage de banques de sequences au mcyen de 
sondes elaborees sur ,a base des sequences choisies parm, SEQ ,D n- 2 
4. n- 6 et n- 8. De telles banques peuven, etre preparees par des 
techmques classiques de biologie moleculaire. connues de I'homme de Car, 

Les sequences nuclectidiques selon l'invention peuvent 
egaemen, etre preparees par sy.tbese Cimique. ou encore par des 
methodes mix.es induant la modification cnimique ou enzymatique de 
sequences oblenues par criblage des banques. 

Ces sequences nuclectidiques permettent la realisation de 
sondes nucleotides, capables de s'bybrider fortemen, e. specif 
avec une sequence d'acides nuCiques, dun ADN S *„omique ou dl Tn 
message, codan. pour un peptide selon rinvention ou un fragment 
^que^n, act* de celui-ci. Le s conditions d.ybrlda.on appro^ 

par I homme du metier (SambrocK et a,.. 1989,, de preference a des 
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conditions de temperature comprises entre (T m moins 5°C) et (T m moins 
30°C) et de preference encore, a des conditions de temperature comprises 
entre (T m moins 5°C) et (T m moins 10°C) (forte stnngence), Tm etant la 
temperature theorique de fusion, definie comme etant la temperature a 

5 laquelle 50 % des brins apparies se separent De telles sondes font 
egalement partie de 1'invention. Elles peuvent etre utilisees comme outil de 
diagnostic in vitro pour la detection, par des experiences d'hybridation, de 
transcrits specifiques des polypeptides de I'invention dans des echantillons 
biologiques ou pour la mise en evidence de syntheses aberrantes ou 

10 d'anomalies genetiques resultant d'un polymorphisme, de mutations ou d'un 
mauvais epissage. 

Les sondes de 1'invention component au minimum 10 
nucleotides, et au maximum comportent la totalite d une sequence nucleoti- 
dique choisie parmi SEQ ID n° 1, n° 3, n° 5 et n° 7 ou de leur brin 

15 complementaire. 

Les methodes de diagnostic in vitro dans lesquelles ces sondes 
nucleotidiques sont mises en oeuvre pour la detection de syntheses 
aberrantes ou d'anomalies genetiques, telles que la perte d'heterozygotie et 
le rearrangement genetique, au niveau des sequences nucleiques codant 

20 pour un polypeptide ULIP selon I'invention ou un fragment biologiquement 
actif, sont incluses dans la presente invention. Un tel type de methode 
comprend : 

- la mise en contact d'une sonde nucleotidique de 1'invention 
avec un echantillon biologique dans des conditions permettant la formation 
25 d'un complexe d'hybridation entre ladite sonde et la susdite sequence 
nucleotidique, eventuellement apres une etape prealable d'amplification de la 
susdite sequence nucleotidique ; 
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- la detection du complexe d'hybridation eventuellement forme : 

- eventuellement le sequencage de la sequence nucleotidique 
formant le complexe d-hybridation avec la sonde de rinvention. 

Les sondes d'ADNc de rinvention sont en outre 
avantageusement utilisables pour la detection d'anomalies chromosomiques. 

Les sequences nucleotidiques selon rinvention sont egalement 
utiles pour la realisation et I'utilisation d'amorces oligonucleotidiques sens 

wo '«**'«"s ae sequencage ou ^amplification 

specifique selon la technique dite de PGR (reaction de polymerisation en 
chaine) ou toute autre variante de celle-ci. 

Les sequences nucleotidiques selon I'invention ont par ailleurs 
des utilisations dans le domaine therapeutique, pour la realisation de 
sequences antisens, capables de s'hybrider specifiquement avec une 
sequence d'acide nucleique, y compris un ARN messager, utilisables en 
therap,e genique. L'invention a ainsi pour objet des sequences ant.sens 
capables d'inhiber, au moins partiellement, la production d'un polypeptide 
selon rinvention, tel que defini precedemment. 

Elles sont plus particulierement utiles dans le traitement des 
desordres du systeme nerveux centra, et peripherique et de la vision 
notamment dans le traitement des syndromes neuro.ogiques 
paraneoplasiques, ainsi que dans le traitement anticancer, notamment 
des tumeurs associees a des syndromes neurologiques paraneoplasiques. 

Les sequences nucleotidiques selon rinvention peuvent par 
a.lleurs etre utilisees pour la production de proteines recombinantes ULIP 
selon rinvention. 

Ces prolines peuvent etre produites a partir des sequences 
nucleotidiques definies ci-dessus, selon des techniques de production de 
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produits recombinants connues de i'homme du metier. Dans ce cas, la 
sequence hucleotidique utilisee est placee sous le controie de signaux 
permettant son expression dans un hote celluiaire. 

Un systeme efficace de production d'une proteine 

5 recombinante necessite de disposer d'un vecteur, par exemple d'origine 
plasmidique ou virale, et d'une cellule hote compatible. 

L'hote celluiaire peut etre choisi parmi des systemes 
procaryotes, comme les bacteries, ou eucaryotes, comme par exemple les 
levures, cellules d'insectes, CHO (cellules d'ovaires de hamster chinois) 

10 ou tout autre systeme avantageusement disponible. Un hote celluiaire 
prefere pour ('expression des proteines de I'invention est constitue par la 
bacterie E. coli. 

Le vecteur doit comporter un promoteur, des signaux 
d'initiation et de terminaison de la traduction, ainsi que les regions 

is appropriees de regulation de la transcription. II doit pouvoir etre maintenu 
de fa?on stable dans la cellule et peut eventuellement posseder des 
signaux particuliers specifiant la secretion de la proteine traduite. 

Ces differents signaux de controie sont choisis en fonction 
de l'hote celluiaire utilise. A cet effet, les sequences nucleotidiques selon 

20 I'invention peuvent etre inserees dans des vecteurs a replication 
autonome au sein de l'hote choisi, ou des vecteurs integratifs de l'hote 
choisi. De tels vecteurs seront prepares selon les methodes couramment 
utilisees par I'homme du metier, et les clones en resultant peuvent etre 
introduits dans un hote approprie par des methodes standard, telles que 

25 par exemple I'electroporation. 

L'invention vise en outre les cellules hotes transferees par 
ces vecteurs precedents. Ces cellules peuvent etre obtenues par 



WO 98/37192 




PCT/FR98/00328 



11 



('introduction dans des cellules notes d'une sequence nucleotide 
inseree dans un vecteur tel que defini ci-dessus, puis la mise en culture 
desdites cellules dans des conditions permettant la replication et/ou 
I'expression de la sequence nucleotidique transferee. 

Ces cellules sont utilisables dans une methode de 
production d'un polypeptide recombinant selon Invention ou tout 
fragment ou derive bioiogiquement actif de celui-ci. 

La methode de production d'un polypeptide de ('invention 
sous forme recombinante est elle-meme comprise dans la presente 
invention, et se caracterise en ce que Ton cultive les cellules transferees 
dans des conditions permettant I'expression d'un polypeptide recombinant 
selon Invention ou de tout fragment ou derive bioiogiquement actif de 
celui-ci, et que I'on recupere ledit polypeptide recombinant. 

Les procedes de purification utilises sont connus de I'homme 
du metier. Le polypeptide recombinant peut etre purifie a partir de lysats 
et extraits cellulaires, du surnageant du milieu de culture, par des 
methodes utilisees separement ou en combinaison, telles que le 
fractionnement, les methodes de chromatographic les techniques 
d'immunoaffinite a I'aide d'anticorps mono ou polyclonaux specifiques 



etc. 



Une variante consiste a produire un polypeptide 
recombinant fusionne a une proteine "porteuse" (proteine chimere) 
Uavantage de ce systeme est qu'il permet une stabilisation et une 
d,minution de la proteo.yse du produit recombinant, une augmentation de 
la so.ub.hte au cours de la renaturation in vitro et/ou une simplification de 
la purification lorsque le partenaire de fusion possede une affinite pour un 
ligand specifique. 
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L'exploitation des proteines ULIP, et en particulier 
POP-66/ULIP-4, ainsi que des anticorps diriges centre ces proteines, est 
prometteuse dans divers domaines. 

5 Ainsi, la detection de Tauto-anticorps anti-CV2 par 

immunofluorescence sur cerveau animal fixe est utilisee actuellement 
comme test diagnostic. 

La production de proteine recombinante POP-66/ULIP-4 
selon invention permet la fabrication d'un test (de type Eiisa ou Western 

10 Blot) rapide et fiable, pour detecter les anticorps anti-CV2. 

De tels tests existent deja pour les anticorps anti-Hu, anti-Yo 
et anti-Ri. Le test pour detecter les anti-CV2 dans le serum des patients 
pourrait etre present en cas de suspicion de syndrome neurologique 
paraneoplasique et inclurait par consequent les anticorps anti-CV2 au 

15 meme titre que les autres anticorps identifies dans les SNP tels que 
precedemment cites. 



[.'invention vise done egalement une methode pour le 
diagnostic des syndromes neurologiques paraneoplasiques et/ou pour le 

20 diagnostic precoce de la formation de tumeurs d'origine cancereuse, 
caracterisee en ce que Ton met en evidence dans un echantillon de sang 
preleve chez un individu des auto-anticorps diriges centre une proteine 
POP-66/ULIP-4 par 

- la mise en contact un echantillon de sang preleve chez un 

25 individu avec un polypeptide purifie (POP-66), derive ou fragment 
polypeptidique biologiquement actif de POP-66/ULIP-4 eventuellement 
fixe sur un support dans des conditions permettant la formation de 
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complexes immunologiques specifiques entre ledit polypeptide et les 
auto-anticorps eventuellement present dans I'echantillon de serum, et 

- la detection des complexes immunologiques specifiques 
eventuellement formes. 

L'invention a egalement pour objet un kit pour le diagnostic 
des syndromes neurologiques paraneoplasiques et pour le diagnostic 
precoce de la formation des tumeurs a partir d'un prelevement biologique 

com pre n ant * 

- au moins un polypeptide purifie POP-66/ULIP-4, derive ou 
fragment polypeptidique biologiquement actif de POP-66/ULIP-4, 
eventuellement fixe sur un support, 

- des moyens de revelation de la formation de complexes 
antigene/anticorps specifiques entre un auto-anticorps anti-POP-66 et 
ledit polypeptide purifie POP-66, derive ou fragment polypeptidique et/ou 
des moyens de quantification de ces complexes. 

L'invention a egalement pour objet les anticorps mono- ou 
polyclonal ou leurs fragments, anticorps chimeriques ou 
.mmunoconjugues, obtenus a partir d'un polypeptide purifie ULIP 
comprenant une sequence d'acides amines choisie parmi SEQ ID n* 2 
n- 4, n - 6 et „• 8, derive ou fragment polypeptidique biologiquement actif 
de ULIP et leur utilisation, pour la purification ou la detection d'une 
proteine ULIP dans un echantillon biologique. 

Des anticorps polyclonaux peuvent etre obtenus a partir du 
serum d'un animal immunise contre la proteine, produite par exemp.e par 
recombinaison genetique suivant la methode decrite oi-dessus, se.on les 
modes operatoires usuels. 
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Les anticorps monoclonaux peuvent etre obtenus seion la 
methode classique de culture d'hybridomes decrite par Kohler et Milstein. 

Les anticorps peuvent etre des anticorps chimeriques, des 
anticorps humanises, des fragments Fab et F(ab')2. lis peuvent 
5 egalement se presenter sous forme d'immunoconjugues ou d'anticorps 
marques. 

L'invention porte egalement sur I'utilisation d'anticorps 
diriges contre une proteine de la famille ULIP pour la mise en evidence 

10 d'une proteine ULIP dans des neoplasmes, et des syndromes 
neurologiques paraneoplasiques a des fins de diagnostic. 

De maniere preferentielle, Tinvention porte sur I'utilisation 
d'anticorps monoclonaux obtenus a partir du serum polyclonal anti-CV2 
de patients par immortalisation de lymphocytes, selon les techniques 

is usuelles connues de I'homme du metier. 

Ainsi, les anticorps diriges contre une proteine de la famille 
ULIP sont utiles pour detecter une expression anormale de proteine ULIP 
chez des patients presentant des syndromes neurologiques, chez qui 
aucun cancer n'a ete diagnostique par les methodes classiques. Cette 

20 expression anormale de proteine ULIP pourra etre correlee a ['existence 
d'un cancer qui n'avait pas ete repere. Ainsi, les anticorps diriges contre 
une proteine ULIP, notamment contre POP-66/ULIP-4, sont utiles pour le 
diagnostic precoce d*un cancer. 



25 



L'invention a egalement pour objet une methode de 
determination d'une variability allelique, d'une mutation, d'une deletion, 
d'une insertion, d'une perte d'heterozygotie ou d'une anomalie genetique 
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du gene POP-66/UUP-4, situe sur le chromosome 10 dans la region 26q 
pouvant etre impliquees dans des pathologies, caracterisee en ce qu'elle 
met en oeuvre au moins une sequence nucleotidique SEQ ID n° 7. Parmi 
les methodes de determination d'une variability allelique, d'une mutation, 
d'une deletion, d'une insertion, d'une perte d'heterczygotie ou d'une 
anomalie genetique du gene POP-66/ULIP-4, on prefere une methode 
comprenant au moins une etape d'amplification par PCR de la sequence 

ni ir.lpini 10 Ho DHD cc/i 11 in a , 

^ W1 -^v,u,r-^ subcepiiDie ae presenter un polymorphisme. 

une mutation, une deletion ou une insertion, a I'aide de couple d'amorces 
de sequences nucleotidiques, une etape au cours de laquelle on precede 
au traitement des produits amplifies a I'aide d'enzymes de restriction 
appropriees et une etape au cours de laquelle on precede a la detection 
ou au dosage d'au moins I'un des roduits de la reaction enzymatique. 

De maniere avantageuse, on peut rechercher les mutations 
associees audit chromosome 10 en relation avec le cancer, notamment 
les tumeurs cancereuses peripheriques et les tumeurs cerebrales 
primitives d'origine gliale par exemple. 

(-'invention a egalement pour objet une composition 
pharmaceutique comprenant au moins une proteine purifiee de la famille 
ULIP, fragment polypeptidique ou derive bioiogiquement actif de celle-ci 
une sequence ou fragment de sequence nucleotidique codant pour ladite 
proteme. une sequence anti-sens capable de s'hybrider specifiquement 
avec une sequence nucleotidique codant pour ladite proteine, ou un 
ant,corps dirige centre ladite proteine, associee a un vehicule 
pharmaceutiquement acceptable. 
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L'invention comprend de maniere preferentielle des 
compositions pharmaceutiques comprenant comme principe actif un 
polypeptide POP-66 purifie, derive ou fragment polypeptidique de POP- 
66, preferentieliement sous forme soluble, associe a un vehicule pharma- 
5 ceutiquement acceptable. 

De telles compositions offrent une nouvelle approche pour 
traiter les desordres du systeme nerveux central et peripherique et de la 
vision, et notamment les syndromes neurologiques paraneoplasiques. Par 
ailleurs, elles sont utiles pour traiter les desordres neurologiques lies a 
10 • une perte neuronale et/ou une sous-expression des proteines ULIP dans 
le systeme nerveux. 

Ainsi, POP-66/UL1P-4 revele aussi un interet dans des 
pathologies neurodegeneratives telles que les atrophies multisystemiques 
qui sont des affections similaires a celles des SNP et pour lesquelles une 
15 anomalie d'une sous-population oligodendrocytaire a ete detectee (Papp 
etal., 1992). 

Les compositions selon ('invention sont par ailleurs utiles en 
therapie anticancereuse. 

Les anticorps diriges contre une ou plusieurs proteines ULIP 
20 peuvent etre associes a des agents antineoplasiques, permettant ainsi le 
ciblage des medicaments vers les cellules tumorales. 

lis peuvent en outre etre associes a un groupe chimique 
hydrophile choisi de maniere a passer ou non la barriere hemato- 
encephalique, selon le type de tumeur. 
25 Les proteines ULIP et en particulier POP-66 ainsi que les 

sequences nucleotidiques codant pour lesdites proteines et ies 
sequences ou oligonucleotides anti-sens, peuvent etre utiles dans la 
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therapie de tout type de cancer dans lequel un gene codant pour une 
proteine ULIP est implique. Parmi des exemples de cancers, on peut citer 
les tumeurs peripheriques, telles que le cancer du poumon a petites 
cellules, le thymome, le cancer du sein et de I'ovaire, ainsi que les 
tumeurs cerebrales, de preference les tumeurs cerebrales primit.ves 
d'origine gliale. L'expression de POP-66 dans les cellules non 
proliferates du cerveau normal, son absence dans des tissus normaux 

tels que ooumon nu thwmnc *^~~t~ ... 

oyv^m K ic?, &a reexpression differentielie 

lors de la tumorigenese de ces tissus et la moduiat.on de son express.on 
dans une lignee tumorale au cours de la d.fferencat.on suggerent a cet 
egard que POP-66 pourrait etre un gene suppresseur de tumeur. 

Preferentiellement, les compos.t.ons pharmaceutiques selon 
I'invention peuvent etre administrees par vo.e system.que. de preference 
par voie intraveineuse, par voie intramuscular, intradermique ou par 



voie orale. 



Leurs modes d'administration, posologies et formes 
galeniques optimaux peuvent etre determines selon les criteres 
generalement pris en compte dans I'dtablissement d'un traitement 
therapeutique adapts a un patient comme par exemple I'age ou le poids 
corpore. du patient, la gravite de son etat general, la tolerance au 
traitement et les effets secondaires constates, etc. 

invention comprend egalement I'utilisation d'une proteine 
purifiee de la fami.le ULIP, fragment polypeptidique ou derive 
b.o.ogiquement actif de ce.le-ci, une sequence ou fragment de sequence 
nucleotide codant pour ladite proteine, une sequence anti-sens 
capable de s'hybrider specifiquement avec une sequence nudeotidique 
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codant pour ladite proteine, ou un anticorps dirige contre ladite proteine, 
associee a un vehicule pharmaceutiquement acceptable, pour la 
fabrication d'un medicament destine a traiter les maladies 
neurodegeneratives et les neoplasmes. 

5 

L'invention a enfin pour objet une methode de traitement des 
maladies neurodegeneratives et des neoplasmes comprenant 
Tadministration a un sujet necessitant un tel traitement d'une quantite 
therapeutiquement efficace d'une proteine purifiee de la famille ULIP, 

10 fragment polypeptidique ou derive biologiquement actif de celle-ci, une 
sequence ou fragment de sequence nucleotidique codant pour ladite 
proteine, une sequence anti-sens capable de s'hybrider specifiquement 
avec une sequence nucleotidique codant pour ladite proteine, ou un 
anticorps dirige contre ladite proteine, associee a un vehicule 

1 5 pharmaceutiquement acceptable. 

Les exemples et les figures dont les legendes sont 
presentees ci-apres sont donnes a titre illustratif. 

20 

LEGENDE DES FIGURES 

- La figure 1 represente un profil d'electrophorese a deux 
dimensions obtenu a partir d'extraits proteiques de cerveaux de rats 
25 nouveaux-nes enrichis en POP-66. 

A : coloration a I'argent de I'ensemble des proteines. 

B : immunoempreinte avec le serum anti-CV2 de patients. 
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Les fleches indiquent les taches correspondant a POP-66, 
revelees avec les anticorps anti-CV2. 

- La figure 2 represente un profil d'electrophorese a deux 
dimensions obtenue a partir d'extraits proteiques de cerveaux de rats 
nouveaux-nes. 

Immunoempreinte avec A- I'anticorps antipeptide 3 et B- 
I'anticorps anti-CV2. 

- La fjgureS represente une electrophorese a une dimension 
obtenue a partir d'extraits proteiques de cerveaux de rats nouveaux-nes. 

Immunoempreinte avec a : serum preimmun pour peptide 3 
Immunoempreinte avec b : serum anti-peptide 3 
Immunoempreinte avec c : serum anti-peptide 4 
Immunoempreinte avec d : serum preimmun pour peptide 4. 

- La figure_4 represente un marquage immunohistochimique 
de coupes de cerveaux de rats adultes avec 

A : serum anti-CV2 de patient atteint de SNP 

B : serum de lapin avec des anticorps anti-peptide 3 

C : serum de lapin avec des anticorps anti-peptide 4. 

- La fiqure 5 represente un marquage histologique de 
coupes de cervelet de raton a 8 jours post-natal. 

A : coloration au bleu de toluidine ; ge = couche granulaire 
externe ; m = couche moleculaire (x400). 

B: Immunomarquage apres incorporation de BrdU 
(bromodeoxyuridine). Les cellules ayant incorpore le BrdU sont 
pratiquement toutes situees dans ,a zone .a plus externe de la couche 
granulaire externe (ge). Quelques cellules positives sont situees dans la 
couche granulaire interne (x400). 
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C : Immunoperoxydase indirecte avec un serum de patient 
contenant un anticorps anti-CV2 (x400). L'immunoreactivite est 
concentree dans la partie interne de la couche granulaire externe (future 
couche rnoleculaire (m)). Quelques cellules sont immunoreactives dans ia 
5 couche granulaire interne. Les cellules de Purkinje (p) sont negatives 
ainsi que les cellules de la partie externe de la couche granulaire externe 

(go). 

D : Immunoperoxydase indirecte avec un serum de patient 
contenant un anticorps anti-CV2 (x1000). L'immunomarquage est surtout 
10 concentre dans la partie interne de la couche granulaire externe (future 
couche rnoleculaire (m)). On note une cellule reactive dans la couche 
granulaire interne (gi) (fleche). 

- La figure 6 represente un marquage immunohistochimique 
de coupes d'hippocampe humain post-mortem (coloration HPS). 

15 A : cerveau de patient temoin, 

B : cerveau de patient presentant une encephalite limbique, 
et anticorps circulant anti-CV2. On peut noter la disparition des cellules 
granulaires. 

- La figure 7 represente un profit d'electrophorese a deux 
20 dimensions avec la proteine ULIP-2 (A) controle et la proteine ULIP-4 (B). 

La figure 7C represente le modele de profil de migration des 
proteines ULIP-1 , 2, 3 et 4 comme reference. 

Les proteines sont revelees : 

a) par autoradiographie pour localiser les proteines traduites 
25 in vitro (traduction) ; 

b) par immunoempreinte avec le serum anti-CV2. 
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- La fiqure 8 represente un profil de migration de I'ARNm de 
C-22/ULIP-3 (8A) et TOAD-64/ULIP-2 (8B) amplifie par RT-PCR exprime 
dans differents types cellulaires : 

pistes 1-3 : tumeur a petites cellules du poumon 

piste 2 : tumeur a petites cellules du poumon avec du serum 

anti-CV2 

piste 4 : cDNA controle. 

piste 5 : meduiiobiastome traite par infection HTLV1 

pistes 6-7 : meduiiobiastome 

piste 8 : lignee C6 de cellules gliales chez la souris 

piste 9 : controle 

piste 10 : neant 

piste 1 1 : echelle kb. 

Les fleches noires correspondent a POP-66, les fleches 
blanches correspondent au standard de poids moleculaire. 

- La figure 9 represente la sequence nucleotidique d'ULIP-2 
chez la souris (SEQ ID N" 1), ainsi que la sequence en acides amines 
deduite (SEQ ID N° 2). 

- La figure 10 represente la sequence nucleotidique 
d'ULIP-3 chez la souris (SEQ ID N* 3), ainsi que la sequence en acides 
amines deduite (SEQ ID N° 4). 

- La figure 11 represente la sequence nucleotidique 
d'ULIP-4 chez la souris (SEQ ID N» 5), ainsi que la sequence en acides 
amines deduite (SEQ ID N° 6). 

- La figure 12 represente la sequence nucleotidique 
d'ULIP-4 chez I'homme (SEQ ID N» 7), ainsi que la sequence en acides 
amines deduite (SEQ ID N° 8). 
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Un codon stop errone dans la sequence ULIP-4 homme 
(asterisque) provient d'une faute de la transcriptase inverse dans la 
production de la banque. En comparant avec ULIP-4 de rat et de souris, il 
est presque certain que la sequence TAG codant pour un stop soit en fait 
un codon AAG, codant pour une lysine comme chez le rat et la souris. De 
plus, la region autour de cet acide amine est entierement conservee dans 
les trois especes. 

La sequence decides amines a ete completee sur la SEQ ID 
n° 8 par 15 acides amines en C-terminal (n° 554 a n° 568). Cette region 
C-terminale manquante sur la figure 12 est tres bien conservee entre 
ULIP-4 rat et souris ainsi qu'entre les differentes ULIP. 

EXEMPLE 1 : 

Purification de POP-66 et sequengage 

La purification de POP-66 est realisee selon le materiel et 
les methodes decrits dans I'article de Honnorat et al. t 1996, incorpore par 
reference, a partir de serum de patients atteints de SNP. 

Pour identifier la proteine POP-66, on a choisi une strategie 
de purification qui permette d'obtenir un sequengage partiel. Le criblage 
d'une banque d'expression d'ADNc de cerveau ou la purification de la 
proteine par immunoaffinite etaient exclus en raison des quantites limitees 
de serums liees au deces des patients. Une methode de purification 
biochimique a pu etre developpee a partir de cerveaux de rats nouveaux- 
nes grace aux serums humains anti-CV2 qui ont permis de suivre chaque 
etape de purification. 
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Les tissus, conserves a -70° C avant utilisation, ont ete 
traites par une solution contenant DTT (dithiothreitol) (Sigma) 0,2 M, 
Ampholine 3-10 (Pharmacia) 2 %, Triton X-100 (Merck) 2 % et places a 
2-4° C. Immediatement avant I'utilisation, de I'uree solide (Pharmacia) a 
ete ajoutee pour obtenir une solution 8M. 

La proteine POP-66 est soluble, au moins en partie, et 
precipite entierement a une concentration de 40 % de sulfate 



\U Cll I II I IUI IIUI I I . 



Une centrifugation a 100 000 (fois) g et une precipitation au 
sulfate d'ammonium (eliminant les proteines precipitant en-dessous de 20 
% et au-dessus de 40 % de sulfate d'ammonium) permettent d'obtenir des 
extraits proteiques enrichis en POP-66. Les proteines de cet extrait sont 
alors separees, apres dialyse, par isofocalisation sur gel d'agarose 
(Peltreetal., 1982). 

Apres transfert sur membrane, les anticorps anti-CV2 
reconnaissent plusieurs bandes de points isoelectriques compris entre 
5,85 et 6,55. L'ensemble de ces bandes correspond a la proteine POP-66 
reconnue par les anticorps anti-CV2. Ce spectre suggere la possibilite de 
modifications transcriptionnelles (phosphorylations et/ou glycosylations) 
de la proteine. 

A partir du gel d'agarose, la zone des proteines comprise 
entre 5,85 et 6,55, de pi, est utilisee pour une nouvelle migration 
electrophoretique en milieu denaturant sur gel de polyacrylamide 
prealablement equilibre avec une solution d'equilibration (0,05 mol/l 
Tris/HCI, pH 6,8, uree 6M, glycerol 30 %, SDS 1 % poids/volume pendant 
2x10 minutes) a laquelle on ajoute du DTT (0.25 % poids /volume) et du 
bleu de bromophenol. 
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Deux modes de detection sont utilises : 

- la coloration a I'argent. Immediatement apres la fin de la 
migration, le gel est immerge dans une solution fixatrice (40 % d'ethanol, 
10 % d'acide acetique) pendant 30 minutes ; il est ensuite place dans une 

5 solution d' incubation (30 % d'ethanol, 7 % poids/volume d'acetate de 
sodium, 0,1 % de glutaraldehyde, 0,2 % poids/volume de thiosulfate de 
sodium) pendant 30 minutes ou une nuit. Apres lavage, le gel est place 
dans une solution d'argent (0,1 % poids/volume de nitrate d'argent + 
formaldehyde) et developpe (2,5 % poids/volume de carbonate de sodium 
10 + formaldehyde). La reaction est arretee avec l'EDTA-Na 2 (1,5 % 
poids/volume). Les gels sont conserves dans une solution de glycerol. 

- transfert sur membrane de PVDF (Immobilon-P®. 
Millipore). Les proteines separees sont transferees sur une membrane de 
PVDF en utilisant un tampon CAPS (Sigma) 100 mM pH 1 1. Les transferts 

15 sont incubes pendant une heure dans du tampon TBS (Tris buffer saline) 
avec 5 % de caseine (lait) et 18 heures dans du tampon TBS (+ 1 % de 
caseine) contenant de I'anticorps (serum anti-CV2 1/500). Apres lavage 
avec TBS-caseine (15 minutes), la revelation est effectuee en incubant 
les transferts pendant 1 heure et demie avec les anticorps anti-IgG 

20 biotinyles (1/1000) et pendant 1 heure et demie avec le complexe 
streptavidine-peroxydase (1/2000). Les transferts sont ensuite reveles 
avec du DAB (diaminobenzidine 0,06 % poids/volume dans Tris 0,05 M) 
et avec H 2 0 2 (0,02 ug/ml). 

Une seule bande correspondant a une proteine de 66 kDa 
25 est visible. Celle-ci est specifiquement marquee par les anticorps anti- 
CV2 (figure 1). On a effectue alors un sequencage N-terminal de cette 
proteine, apres digestion trypsique. 



WO 98/37192 ^ff PCT/FR98/00328 

25 



Sept peptides, presentant les sequences suivantes, ont 

ete obtenus : 

1 - X-Met-Tyr-Asp-Gly-Pro 

2 - X-Phe-Asn-Leu-Tyr-Pro-Arg 

3 - X-Val-Leu-Glu-Asp-Gly-Thr-Leu-His-Val-Thr-Glu-Gly 

4- X-lle-Gly-X-X-Ala-Gln-Val-(His?)-Ala-Glu-Asn-Gly-X-lle-lle-Ala-Glu- 
Glu-GIn 

5 - X-X-Giu-Asn-Gin-Phe-vai-Aia-Vai-Thr 

6 - X-Val-Asn-Asp-(Asp ?)-Gln-Ser-Phe-Tyr-Ala-Asp-lle-Tyr-Met-Glu- 

(Asp ?)-(Gly ?)-Leu-lle 

7 - X-X-X-Phe-Val-Thr-X-Pro-X-Leu-X-Pro 

X : correspond a un acide amine non determine, 

( ?) : correspond a un acide amine probable mais non certain. 

D'apres I'analyse des banques de donnees disponibles en 
1994, aucune proteine connue ne correspondait a ces sequences. 



EXEMPLE 2 : 

Clonage de I'ADNc de POP-66 ou des proteines 

apparentees 

Le clonage de I'ADNc de la proteine POP-66 ou des 
proteines apparentees a ete entrepris en utilisant des sondes 
oligonucleotidiques degenerees obtenues a partir de fragments de deux 
peptides : 
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lle-lle-Ala-Glu-Glu-GIn 
Tyr-Ala-Asp-lle-Tyr-Met-Glu-(Asp ?) 

Quatre jeux d'amorces oligonucleotidiques degenerees 
(sens/anti-sens) sont done determines 

(AT(C/T)ATTGC(T/A)GA(A/G)CA;TG(C/T)TC(T/C)AC(T/A)GCAT(A/G)AT; 
TATGC(A/T)GA(C/T)AT(C/T)ATGGA ;TCCAT(G/A)TA(G/A)CT(T/A)GCAT 
A) et utilises pour une amplification PCR. 

La matrice est preparee sous forme d'ADNc double-brin 
(Promega kit) a partir d'ARNpoly(A + ) extrait du cerveau de rats ages de 10 
jours (Zivic-Miller, USA) en utilisant le kit d'isolement de I'ARNm Fast 
Track (Invitrogen). 

Les conditions d'amplification par PCR sont les suivantes : 
35 cycles a 94°C, 1 minute pour la denaturation, 55°C, 1 minute pour 
I'hybridation et 72°C, deux minutes pour I'extension. 

Les produits de PCR sont analyses en electrophorese sur 
gel d'agarose a 1 %, electroelues, clones dans un vecteur de clonage TA 
(Invitrogen) et sequences en utilisant les sites des amorces des 
promoteurs T7 et SP6. 

La sequence d'acides amines deduite du clone MFB-17 
concorde avec les sequences des deux peptides originaux de POP-66 
determines par I'analyse de ia sequence d'acides amines. 

Une analyse comparee des sequences d'acides nucleiques 
utilisant les bases de donnees Genbank et EMBL revele que MFB-17 est 
un ADNc partiel avec une sequence nucleotidique identique a celle d'un 
segment de TOAD-64, une proteine neuronale de rat (Minturn et al., 
1 995). 
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La sequence d'acides amines deduite a I'ADNc de TOAD-64 
concorde avec les sequences des sept peptides determines par I'analyse 
des sequence partielles de .a proteine reconnue par ies anticorps anti- 
CV2 apres purification par electrophorese. 

Le poids moleculaire, le point isoelectrique le profil 
-mmunohistochimique et la regulation de TOAD-64 sont sim.laires a ceux 
de I'antigene POP-66. 

Le r.lnn*» mcp.o . 

.... w-,, llo M ,B S eniant pas la region codante 

compete, i. a ete necessaire de produ.re une proteine recomb.nante 

.ntacte pour poursuivre les recherches concernant la prote.ne CV2. 

Pour obtenir une proteine complete TOAD-64. on a ampiifie 
la matrice ADNc-ds de cerveaux de rats avec deux je ux d'amorces situees 
aux extremites 5' et 3' des regions codantes 
(sens : GGCATATGTCTTATCAGGGGAAG ; 
anti-sens G C G AATTC TTAG C C C AG G C TG ATG ) 

Cette approche a permis de produire deux clones differents 
run correspondant a la sequence TOAD-64 et ,'autre a un clone designe 
par C-22. y 

EXEMPLF ■ 

Comparaison de la sequence d'acides amines deduite 
de C-22 avec ies proteines ULIP 

La sequence d'acides amines deduite a partir du cadre de 
ecture ouverte, indique que ce Cone C-22 appartient a ,a super-famiHe 
de genes ULIP representee par plusieurs genes des sequences EST 
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La sequence d'acides amines deduite de C-22 presente une 
homologie de 30 % avec la sequence d'acides amines de la proteine unc- 
33 de Caenorhabditis elegans. 

Recemment, quatre genes differents homologues a la 
proteine unc-33 ont ete decrits chez les mammiferes et le poulet. 

Une analyse des sequences par les bases de donnees 
Genbank et banques de proteines a permis de proposer une classification 
des proteines unc-33 like (ULIP) en quatre differents sous-groupes (Byk 
et al. 1996). 

Pourtant, comme les fonctions reelles de ces proteines ne 
sont pas clairement connues, la classification proposee est basee 
simplement sur le pourcentage d'identite d'acides amines. ULIP-1 est 
representee par une phospho-proteine « unc-33 like » de souris qui 
presente une homologie de 76 % avec TOAD-64, Crmp-62, et Munc, une 
sequence de souris recemment disponible sur Genbank. 

ULIP-2 est composee de TOAD-64, Crmp-62 et Munc qui 
presentent entre eux une identite de 97 % d'acides amines. 

Les sequences partielles humaines EST, c'est-a-dire hcrmp- 
1, qui presentent une identite de 75 % avec ULIP-1 ou ULIP-2 ont ete 
trouvees. Elles appartiennent a un troisieme groupe appele ULIP-3. Le 
dernier groupe identifie appele ULIP-4, comprend r-CRMP-3 chez le rat et 
les formes ULIP-4 chez la souris et POP-66/ULIP-4 chez I'homme. 

La comparaison de la sequence d'acides amines des trois 
genes ULIP, a savoir TOAD-64 chez le rat, Crmp-62 chez le poulet, et 
ULIP-1 chez la souris, avec la sequence d'acides amines deduite du 
cadre de lecture ouvert du present clone C-22, en utilisant le logiciel 
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d'alignement Clustal V, revele que C-22 presente une identite de 74% 
avec ULIP-1 , 77 % avec Crmp-62 et 76 % avec TOAD-64. 

La sequence nucleotidique C-22 a une identite de 97 % 
avec la sequence partielle EST, hCrmp-1, et definit ainsi le troisieme 
membre du groupe ULIP-3. Les genes TOAD-64. Crmp-62 et C-22 cedent 
chacun pour une proteine de 572 ac.des amines de longueur tandis que 
la sequence d'acides amines deduite a partir d'ULIP-1 donne une 
proteine de t>/0 acides amines. 

L'analyse de la sequence d'acides amines de C-22 ne 
montre aucune sequence de signal ou de domaine transmembrane 
suggerant que le ou les produits du gene C-22 pourraient etre localises 
dans le cytoplasme des cellules. 

Plusieurs sites consensus de phosphorylation par la proteine 
kinase C (SfT X R/K) apparaissent le long du produit du gene C-22 Ces 
observations suggerent que C-22 est une phospho- proteine et que de 
legeres differences dans la phosphorylation pourraient dieter Tactivite ou 
le role des differents membres de cette famil.e de proteines tout au long 
du cycle cellulaire. 
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Tableau 1 : Recapitulation des proteines presentant une homologie avec les ULIP. 



Famille 




Especes 


N° EMBL 


Unc-33 nematode 




Nematode 


Z14146 


Dihydropyrimidinase 


Hu DHPase 


humain 


D78011 




Ra DHPase 


rat 


D63704 


groupe ULIP-1 


Ulip 


souris 


X87817 




Hu DRP3 


humain 


D78014 




r-CRMP-1 


rat 


U52102 




Hu-Ulip 


humain 


Y07818 


groupe ULIP-2 


ULIP-2 


souris 


SEQ ID n° 2 




Toad-64 


rat 


Z46882 




CRMP-62 


poulet 


U 17277 




Munc 


souris 


X87242 




HCRMP-2 


humain 


U 17279 




Hu DRP-2 


humain 


D78013 




r-CRMP-4 


rat 


U52104 


groupe ULIP-3 


ULIP-3 


souris 


SEQ ID n° 4 




HCRMP-1 


humain 


U 17278 




rCRMP-1 


rat 


U52102 




C-22 


rat 


U52095 




Hu DRP-1 


humain 


D78012 


groupe ULIP-4 


ULIP-4 


souris 


SEQ ID n° 6 




POP-66/ULIP-4 


homme 


SEQ ID n° 8 




r-CRMP-3 


rat 


U52103 
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EXEMPLE d : 

Regulation de I'expression du gene C-22 : 

devaluation des alterations dans I'expression du gene C-22 
pourrait avoir une importance considerable pour la connaissance des 
aspects fonctionnels de la proteine C-22. 

Par consequent, la Demanderesse a etudie la possible 
regulation de fexpression du gene C-22 au cours du development 
L'ARN total est extrait et separe par I'electrophorese sur gel d'agarose a 
1 % et transfere sur membrane Nytran (Duchemm et al. 1987). Les 
transferts sont hybrides avec une sequence codante C-22 marquee au 32 " 
P. un tampon phosphate 0,5 mM et 5 % de SDS a 65°C pendant 16 
heures. 

A la fin de I'hybridation, les transferts sont laves 
successivement trois fois avec 2xSSC, 0,1 % SDS a temperature 
amb,ante, puis 1xSSC, 0.1 % SDS a 65X pendant 60 minutes, et 
exposes aux rayons X. 

Dans les conditions utilisees, on a detecte une seule bande 
a 3,8 kb represents I'ARNm C-22 qui est aussi le plus petit transcrit de 
la famHIe de genes unc-33 des vertebres. La taille du transcrit reste .a 
meme durant les periodes pre et post-natales. 

La cinetique du gene C-22 dans le cerveau de rats au cours 
du development montre que le messager est detectable au cours de la 
penode embryonnaire au jour E17. La quantite de transcrits C-22 
augmente jusqu'au jour 7 post-nata. puis decroit rapidement a partir de la 
seconde semaine apres la naissance jusqu'a un niveau pratiquement 
indetectable chez I'adulte. 
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Aux environs de la naissance, un signal de regulation 
encore inconnu est probablement re?u, ce qui augmente I'expression du 
gene C-22, ce signal etant lie temporairement a la differenciation 
neuronale et au developpement axonal. 
5 L'ARNm de C-22 n'a pas pu etre detecte par analyse 

Northern Blot dans plusieurs regions du cerveau telles que le cortex 
frontal t le cerveau moyen et le thalamus chez t'adulte et le rat age de 
plus de deux ans. 

De plus, on n'a pas pu detecter I'ARNm de C-22 dans des 
io tissus non neuronaux, tels que le coeur, le poumon, le foie. le rein chez 
des rats d'une semaine et des rats adultes. 

Les donnees sur le profil de ('expression I'ARNm de C-22 
suggerent un role preponderant de la proteine C-22 dans le 
developpement du cerveau. 

15 

EXEMPLE 5 : 

immunoempreinte de POP-66 : 

20 A - Mat6riels et methodes 

• Transfection des ULIP dans E. coli 

Les ADNc de pleine longueur d'ULIP-2 et ULIP-3 de rat et 
ULIP-1 et ULIP-4 de souris ont ete sous-donees de maniere 
25 directionnelle dans le vecteur d'expression pET-21a(+) E. Coli apres 
introduction d'un site 5'Nde I et d'un site 3' EcoRI par PCR, et les quatre 
constructions ont ete resequencees. L'expression de gene cible induit par 
IPTG a ete realisee selon le protocole du fabricant (Novagen). 
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• Production d'anticorps anti-ULIP 

Des anticorps de lapin (anti-Pep3) sont diriges centre le 
peptide ITGPEGHVLSRPEEVE (acides amines 217-232 de la sequence 
SEQ ID n* 8), synthase sur un appareil de synthese peptidique multiple 
ut.lisant le F-moc (432A Peptide Synthesizer SYNERGY Applied 
Biosystems). La purete a ete verifiee par ana.yse de la sequence par 
HPLC et spectrometrie de masse. 1 mg du peptide synthetique conjugue 
a de memocyanine de patelle, dans de I'adjuvant complet de Freund a 
ete utilise pour immuniser des lapins avec une dose « booster » de 0 5 
mg de peptide lie dans de I'adjuvant comp.et de Freund apres 4 
serines. Les anticorps anti-Pep3 ont reconnu les quatre proteines ULIP 
recombinantes exprimees dans E. Coli. 

Le marquage avec les anticorps anti-Pep3 a ete elimine 
apres preincubation avec le peptide 3. Des centrales avec des serums de 
lapin pre-immuns etaient negatifs. 

Des anticorps anti-peptide 4 diriges centre le peptide 
LEDGTLHVTEGS ont ete produits selon le meme protocole. 

B - Resultats 

Des anticorps centre quatre des peptides sequences ont ete 
produits. Deux des serums se sont averes particulierement interessants 

L'un contient des anticorps (Ac anti-pe P 3) qui reconnaissent 
Plus-eurs membres de la famil.e ULIP en e.ectrophorese a deux 
d,mensions d'extraits proteiques de cerveau de rat nouveau ne (figure 2) 
et sur electrophorese a une dimension (figure 3). Un autre anticorps (Ac 
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anti-pep4) reconnait en Western Blot une seule bande de 66 kDa 
susceptible de correspondre a un seul membre de la famille (figure 3) f a 
savoir ULIP-2. 

5 

EXEMPLE 6 : 
Immunohistochimie 

Les preparations de tissus pour rimmunohistochimie sont 

10 obtenues a partir de cerveaux de rats nouveaux-nes et de cerveaux 
humains post-mortem, fixes a 4° C dans du paraformaldehyde a 4 % et 
0,2 % d'acide picrique dilues dans du tampon phosphate (0,1 M, 
pH =7,4), puis cryoproteges. 

L'immunocytochimie peut etre realisee par la technique 

15 d'immunofluorescence indirecte. Des coupes de 12 pm d'epaisseur sont 
realisees au cryostat puis montees sur lame recouverte de gelatine, 
traitees pendant 2 heures dans du tampon PBS et 1 % de serumalbumine 
bovine (BSA) avec 0,1 % de Triton X100 et incubees 12 h avec le serum 
de patients anti-CV2 dans du PBS-1% BSA a temperature ambiante 

20 (dilution du serum 1/100). Apres plusieurs lavages avec PBS-1 % BSA, 
les coupes sont incubees pendant 2 h avec un anti-serum anti-humain de 
lapin conjugue a la fiuoresceine diluee a 1 % (Dakopatts) dans du PBS-1 
% BSA. Apres lavage dans le PBS les lames sont examinees au 
microscope. Les coupes controle sont incubees avec soit ('antiserum IgG 

25 anti-humain conjugue a la fiuoresceine seule, soit le PBS-1 % BSA seul, 
soit le serum de patient seul, soit enfin le serum controle (patients non 
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atteint de SNP) et anticorps conjugue a la fluorescein a la meme 
dilution. 

Pour confirmer rimmunofluorescence on peut utiliser le 
marquage indirect par immunoperoxydase. Les coupes de tissus congeles 
fixes au paraformaldehyde sont incubees avec 0,3 % d'H 2 0 2 (pour 
detruire I'activite peroxydase intrinseque) et 10 % de serum normal de 
lapin (pour eviter la liaison non specifique des IgG de lapin) ou 1 % BSA 
Apres incubation 12 h avec des serums de patients dilues a 1/1000 et 
lavage, les coupes sont incubees 2 h avec de ("antiserum IgG ant.-huma.n 
de lapin biotinyle dilue a 1/1000 dans PBS-1% BSA. Les IgG huma.ns lies 
sont visua.ises par incubation avec un complexe avd.ne-b.ot.ne- 
peroxydase (Vectastain ABC complex, Vector) et developpes avec 0.05 % 
DAB (Sigma). Les coupes contrdle sont obtenues avec des serums de 15 
patients sans SNP selon le meme protocole. 

A - Localisation des proteines de ia famille ULIP a I'aide 
d'anticorps antipeptides : 

Un marquage immunohistochimique a ete realise sur coupe 
de cerveaux de rats nouveaux-nes et adultes. L'anticorps antipeptide-3 
reconnalt un (des) antigenes present(s) dans p.usieurs types cellu.aires 
sur coupe de cerveaux de rats nouveau-nes et adultes (fig. 4) Comme le 
serum anti-CV2 de patient, les anticorps anti-peptide-4 ne permettent la 
m,se en evidence d'aucun antigene sur coupe de cerveau de rat nouveau 
ne alc-rs qu'i.s marquent specifiquement une sous-popu.ation 
d oligodendrocytes dans le cerveau de rat adulte (fig. 4). 
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B - Expression de POP-66 au cours du developpement 
normal du cerveau : 

La figure 5 montre que les cellules nerveuses proliferatives 
5 des zones progenitrices du systeme nerveux mises en evidence par 
('accumulation de bromodeoxyuridine (BrdU) nexphment pas POP-66 
alors que les cellules non proliferatives qui correspondent aux cellules 
nerveuses en differenciation ou en migration I'expriment. 

10 EXEMPLE 7 : 

Role de POP-66 dans la survie neuronale 

La figure 6 permet de comparer des coupes de cerveaux 
humains de patients sains et de patients atteints de SNP. Chez les 
15 patients atteints d'un SNP et presentant des anticorps circuiant anti-CV2, 
on observe une disparition des neurones du gyrus dentatus et des 
neurones pyramidaux (bande de cellules centrale), ainsi qu'une reaction 
astrocytaire intense. 

20 EXEMPLE 8 : 

Caracterisation de ia proteine POP-66 - Identification 
avec ULIP-4 : 

Mat6riels et m6thodes 

25 

a) Purification partielle d'ULIP-1 
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ULIP-1 partiellement purifiee a ete obtenue a partir de 
cerveaux de souris nouveaux-nes par trois etapes de purification. Ces 
cerveaux ont ete homogeneises dans 4 volumes de tampon 
d'homogeneisation (25 mM phosphate de sodium, pH 7,8, 1 mM EGTA, 
10 ug/ml de leupeptine, 25 ug/ml d'aprotinine, et 10 ug/ml de pepstaine. 
Les homogenats ont ete centrifuges pendant 10 minutes a 400 x g. Les 
culots ont ete resuspendus dans 2 volumes de tampon 
d'homogeneisation, homogeneises, et de nouveau centrifuges. Les 
surnageants issus des deux centrifugations ont ete rassembles, soniques 
et centrifuges pendant 1 heure a 100.000 x g. Le surnageant (S2) a ete 
charge sur une colonne CL-6B de DEAE-Sepharose (1,75 cm' x 26 cm) 
equilibre avec 100 ml de tampon A (25 mM de phosphate de sodium, pH 
7,8, 1 mM d'EGTA) a une flux de 30 ml par heure. Les proteines ont ete 
eiuees dans 300 ml d'un gradient lineaire de chlorure de sodium 0-250 
mM dans du tampon A et des echantillons de 5 ml ont ete recueillis. Les 
fractions contenant ULIP ont ete collectees et du sulfate d'ammonium 
solide a ete ajoute jusqu'a 20 % de saturation. Ce « pool », a ete charge 
sur une colonne CL-4B de phenyl-Sepharose (1 ,75 cm' x 22 cm) qui a ete 
prealablement equilibre avec 100 ml de tampon B (10 mM de phosphate 
de sodium. pH 7,8, 1 mM d'EGTA) contenant 20 % de sulfate 
d'ammonium sature. Les proteines ont ete eiuees dans un gradient 
lineaire decroissant de 20 a 0 % de sulfate d'ammonium sature dans du 
tampon B. Les fractions contenant ULIP ont ete recueillies, dialysees 
deux fois contre 20 volumes de tampon A. Les proteines ont ete 
concentrees sur une petite (10 ml) colonne C1-6B de DEAE-Sepharose et 
eiuees avec 400 mM de chlorure de sodium dans du tampon A. L'eluat a 
ete dessale sur une colonne Sephadex G-25 (NAP-10) et concentre dans 



WO 98/37192 




PCT/FR98/00328 



un volume final de 0,5 ml par evaporation. Dans la derniere etape de 
purification, la fraction concentree a ete chromatographic en trois etapes 
successives, sur deux colonnes de FPLC (Fast Protein Liquid 
Chromotagraphy) Superose 12 montees en serie ; dans du tampon C (50 
5 mM de phosphate de sodium, pH 7,2, 150 mM de chlorure de sodium) a 
un debit de 0,3 ml/minute. Les fractions (0,6 ml) ont ete recueillies et les 
fractions enrichies en ULIP ont ete analysees. La presence d'ULIP dans 
les etapes successives de purification a ete testee par un Western Blot a 
une dimension en utiiisant un anticorps anti-stathmine capable de 
10 reactivite croisee. Les proteines ont ete quantifies selon la methode de 
Bradford. 

b) Migration sur ael d'electrophorese : 

Une electrophorese a une dimension a ete effectuee sur des 
15 gels de polyacrylamide 13 % selon la methode de Laemmli. Les 
electrophoreses PAGE a deux dimensions ont ete effectuees tel que 
decrit precedemment. Les gels d'isoelectrofocalisation contenaient 2 % 
d'ampholines total, pH 6-8 et 3-10 selon un rapport de 4 :1. La seconde 
dimension avait ete menee sur des gels d'acrylamide a 10 %. Les 
20 proteines ont ete soit soumises a une immuno-empreinte soit colorees par 
Targent. 

c) Analyse Western Blot : 

Les proteines ont ete transferees a partir des gels sur de la 
25 nitrocellulose dans du tampon contenant Tris 48 mM, glycine 39 mM et 
5% de methanol. La membrane a ete saturee avec de la caseine (2,5 %) 
dans la solution d^mmuno-empreinte (12 mM de Tris-HCI, pH 7,4, 160 
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mM de Na CI, 0,1 % de Triton X-100) et testee avec un antiserum dirige 
contre le peptide I de la stathmine de rat (dilution 1/10.000) ou un 
antiserum dirige contre la proteine ULIP recombinante (dilution 1/20.000) 
dilue dans une solution d'immuno-empreinte contenant 1 % de caseine. 
Les anticorps lies ont ete detectes soit avec une proteine A marquee a 
l ,125 l et autoradiographies soit avec des anticorps anti-lapin lies a la 
peroxydase en utilisant le kit ECL (Amersham). 

d) Analyse de la sequence proteiaue : 

Les fractions enrichies en ULIP ont ete separees sur les gels 
de polyacrylamide a deux dimensions. Les gels sont fixes pendant 30 
minutes dans 25 % d'ethanol et 10 % d'acide acetique et colores pendant 
3 minutes dans 0,1 % de noir amido dans 1 % d'acide acetique et 40 % 
de methanol. Les gels ont ete decolores dans 1 % d'acide acetique et les 
taches correspondant a la forme principale de ULIP ont ete decoupees 
dans ces trois gels, recueillies et digerees avec 2 mg/ml d'endoprotease 
Lys C. Les peptides elues du gel ont ete ensuite separees par HPLC sur 
colonne DEAE-C18 avec un gradient de 0-55 % d'acetonitrile dans 0,1 % 
d'acide trifluoroacetique. Les peptides ont ensuite ete sequences selon la 
degradation automatique d'Edman. 

e) Expression in vit ro chez un mammifera 

1 M9 du plasmide Bluescript contenant I'ADNc entier codant 
pour ULIP-1, ULIP-2, ULIP-3 ou ULIP-4 a ete utilise pour realiser la 
transcription et la traduction in vitro avec le systeme « Reticulocyte 
lysate » (Promega) selon le protocole decrit par le fabricant. 5 ug du 
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melange de 25 pi total de transcription/traduction ont ete analyses sur gel 
d'electrophorese a deux dimensions. 

Resultats 

5 

Ni la proteine recombinante ULIP-1, ni les proteines 
recombinantes TOAD-64 (ULIP-2) et C-22 (ULIP-3) ne sont reconnues 
par les serums anti-CV2. De plus, le prof i I de distribution des taches 
correspondant a POP-66 reconnues par les anticorps anti-CV2 en 
10 electrophorese a deux dimensions ne correspond pas aux taches 
reconnues par les anticorps anti-ULIP-1 . Or, POP-66 est un membre de la 
famille ULIP puisque les trois taches POP-66 sont reconnues par I'Ac 
anti-pep3. POP-66 correspond done a un membre de la famille de pHi 
plus basique. 

15 Apres traduction in vitro des quatre proteines(ULIP-1, 2, 3, 

4), on a montre que ULIP-4 a le meme profil electrophoretique 2D que 
POP-66 et est reconnue par les anticorps anti-CV2 (figure 7). 

Pour cela, la proteine ULIP-4 et, comme controle, la proteine 
ULIP-2 ont ete traduites in vitro en presence de methionine 35 S a partir de 

20 clones d'ADNc codants pour les proteines entieres. Les proteines ont ete 
separees par electrophorese a deux dimensions (en presence d'un extrait 
de cerveau fournissant les reperes essentiels), transferees sur 
nitrocellulose et revelees : 

- par autoradiographie pour localiser les proteines traduites 
25 in vitro (traduction) ; 

- par immunoempreinte avec le serum CV2. 
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La figure 7 montre que les trois taches de la traduction in 
vitro d'ULIP-4 correspondent aux taches reconnues par CV2. Ces taches 
ne sont pas reconnues dans la traduction d'ULIP-2. 

Le serum CV2 reconnait done specifiquement ULIP-4. 

Ceci a permis d'identifier POP-66 comme ULIP-4. 

EXEMPLE 9 • 

v....«.„o a umique ae la proteine POP- 

66/ULIP-4 

L'ADNc d'ULIP-4 humain etant clone, il est alors possible de 
determiner la localisation chromosomique du gene POP-66/ULIP-4 par 
cartography genique par hybridation /„ situ isotopique (Levy et Matte, et 
al., 1995) . 

L'hybridation in situ est menee sur des preparations de 
chromosomes obtenues a partir de lymphocytes humains stimu.es par la 
phytohemagglutinine mis en culture pendant 72 heures De la 5- 
bromodeoxyuridine a ete ajoutee pendant .es 7 dernieres heures de la 
cu,ture (60 ug/m. de mi.ieu), pour assurer une image de bandes 
chromosomiques post-hybridation de bonne qualite. Le done contenant 
un insert de 1300 paires de bases codant pour ULIP-4 dans ,e vecteur 
Bluescript est marque au tritium par translation de coupure (« nick 
translate ») avec une activite specifique de 1x10 8 dpm. ug-1 La sonde 
radiomarquee a ete hybridee au stade metaphase a une concentration 
Me de 200 ng par m. de solution d'hybridation. Apres recouvrement par 
une emu, S ion Kodak NTB 2 les ,ames ont ete exposees pendant 20 purs a 
♦4-C puis developpees. Pour eviter le decalage des grains d'argent 
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pendant le processus, les etalements de chromosomes ont ete 
prealablement marques avec une solution tampon de Giemsa et les 
metaphases ont ete photographiees. La revelation des bandes a ete 
effectuee par la methode « fluorochrome-photolyse Giemsa » (FPG) et les 

5 metaphases ont ete rephotographiees avant analyse. Sur les 100 cellules 
en metaphase examinees apres hybridation in situ, on a denombre 246 
grains d'argent associes aux chromosomes et 54 parmi ceux-ci (21.9 %) 
etaient localises sur le chromosome 10. La distribution des grains sur ce 
chromosome n'etait pas aleatoire : 39 sur 54 (72,2 % de ceux-ci) etaient 

10 localises sur la region q25.2-q26 du bras long du chromosome 10. 

Le gene POP-66/ULIP-4 se trouve done situe sur le 
chromosome 10 dans la region q25.2-q26. Dans cette region 
chromosomique, les locus de maladies neurodegeneratives et de genes 
suppresseurs de tumeurs impliques dans differents types de cancers ont 

15 ete localises. Le locus d'une maladie cerebelleuse a debut precoce 
(« infantil onset spinocerebellar ataxia ») a ete identifies dans la region 
10q24-26 (Varilo et al., 1996; Nikali et al., 1995). Les symptomes de 
cette maladie degenerative heriditaire recessive caracterisee par une 
ataxie, une neuropathie et une atrophie optique sont similaires a ceux 

20 observes chez les patients atteints de syndromes neurologiques 
paraneoplasiques avec des auto-anticorps anti-CV2 circulants (Honnorat 
et al., 1996). D'un autre cote, 80 % des glioblastomes presentent des 
mutations dans cette region chromosomique et plusieurs locus 
suppressifs impliques dans differents types de tumeurs (prostate, rein, 

25 cancer du poumon a petites cellules et carcinomes de I'endometre) sont 
localises dans cette region chromosomique. Ces donnees renforcent la 
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possibility que P066/ULIP-4 joue un role crucial dans la 
neurodegeneration et la tumorigenese. 

A cet egard, il est notable que I'expression de ULIP-1 est 
regulee a la hausse dans des cellules de neuroblastomes differencies par 
I'acide retinoique et que ULIP-1 et ULIP-3 sont regules a la hausse mais 
ULIP-4 est regule a la baisse dans des cellules PC 12 differences en 
presence de NGF, suggerant que I'arret de la croissance cellulaire peut 
etre lie a des niveaux dexpression des proteines ULIP. 



EXEMPLE 10 ; 

Expression des proteines ULIP dans les cellules HeLa 



transferees 

A - Materiels et methodes 



Une sequence « f | ag » (EcoR| . 

ATGGACTACAAGGACGACGATGACAAGG-BamHI) (Kodak) a ete donee 
dans le site EcoRI de pSG5 suivi par ULIP-1 (EMBEL X87817, paires de 
bases: 309-2023), Ulip2 (Y10339, paire de bases : 23-1741), Ulip3 
(Y09080, paires de bases : 269-1991) ou Ulip 4 (Y09079, paires de bases 
: 102-1820), respectivement. Les cellules HeLa ont ete cultivees dans des 
milieux DMEM (Gibco) additionnees de 10 % de serum de veau fetal 
(v/v). Les transfections ont ete realisees par precipitation au phosphate 
de calcum (Maniatis et al., 1978). Les ce.lu.es HeLa ont ete me.angees 
avec 5 ug de plasmides pSG5flag-ULIP-1 , 2, 3, 4 et 10 ug de P UC18 
V.ngt quatre heures apres la transfection, les cellules HeLa ont ete fixees 



WO 98/37192 




PCT/FR98/00328 



avec 4 % cle paraformadehyde et immunomarquees avec differents 
serums humains (dilution 1/300), revelees par des anticorps anti-IgG 
humains conjugues a la FITC (Biosys), ou des anticorps anti-flag (M2 t 
Kodak) (dilution 1/1000), reveles par des anticorps anti-lapin conjugues 
au rouge Texas (Vector). 

Un double immuno-marquage a ete realise sur les cellules 
HeLa transferees par des ULIP en utilisant des anticorps anti-flag et anti- 
Pep3. Dans les cellules transferees par un quelconque ADNc, 10 a 20 % 
d'entre elles presentaient un immuno-marquage avec les anticorps anti- 
flag reveles par les anticorps anti-souris conjugues au rouge Texas. 

Toutes les cellules transferees ont ete marquees en double 
par des anticorps diriges contre Pep3, un peptide commun aux quatre 
ULIP est revele par des anticorps anti-IgG de lapin conjugue a la 
fluoresceine. 

Un double immuno-marquage a egalement ete realise sur 
les cellules HeLa transferees par des ULIP en utilisant des anticorps 
anti-flag et anti-CV2. Les serums humains de patients atteints de SNP 
avec des auto-anticorps circulant anti-CV2 ont marque les cellules 
transferees par ULIP-4, et un serum anti-CV2 a egalement marque les 
cellules transferees par ULIP-3. Aucun marquage des cellules 
transferees par ULIP-4 n'a ete detecte dans les serums controles de 
patients sans cancer ou maladie neurologique. 

B ) Resultats 

Apres transfection des cellules HeLa avec des ADNc 
marques par les flag des 4 ULIP, 10 a 20 % des cellules etaient fortement 
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10 



15 



reactives avec des anticorps anti-flag et des anticorps anti-Pe P 3 qui 
reconnaissent ies 4 ULIP de mammiferes. Les cellules transfectees n'ont 
pas ete immuno-marquees avec du serum controle de 10 patients 
neurologiques sans SNP ni avec du serum pre-immun de lapin En 
revanche, les cellules transfectees avec de I'ADNc d'ULIP-4 ont montre 
une immuno-reactivite intense avec tous les 7 serums testes de patients 
avec des auto-anticorps anti-CV2 circulants. Ces serums sent negatifs sur 

fiPC PPlh floe tror*cf^^*A^« ~ _i . ~ . . 

., C o lcC3 dVW aes aunc d autres ULIP. a I'exception d'un 
serum qui a egalement reconnu les cellules transfectees par ULIP-3 et un 
serum qui a egalement reconnu les cellules transfectees par ULIP-1 3 et 
4. Aucun marquage n'a ete observe sur des cellules HeLA non 
transfectees, avec un serum anti-CV2. 

Le tableau I Cl . a pres presente les resultats 
d',mmunofluorescence indirecte avec differents serums sur les ce.lules 
HeLa par des ADNc marques de membres de la famille de ULIP 



Table 1 : 



N° serum Symptomes Type de Ulip-l 



Anti-Pep3 
pre-immun 
Pep3 
90-002 

93- 484 

94- 590 

95- 700 
95-701 

95-706 
97-040 
97-103 





milieu! 


+ 


+ 


PCD, uveite 


uc 






LE 


Thymome 






LE 


SCLC 






PEM 


SCLC 


+ 




PCD 


sarcome 






LE, neuropathie 


uterin 






SCLC 






PCD 


SCLC 






PCD 


SCLC 







Ulip-2 Ulip-3 Ulip-4 
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PCD : degeneration paraneoplasique du cervelet ; 
LE : encephalite lymbique ; 
PEM : encephalomyeiite paraneoplasique ; 
5 UC : carcinome indifferencie ; 

SCLC : carcinome de poumons a petites cellules. 



EXEMPLE 11 : 

Expression de POP-66/ULIP-4 et des membres de la 
io fa mi lie ULIP dans les cancers 



A - Expression de ULIP-2 et UUP-3 dans les cancers : 



1) Mat6riels et methodes : experiences de RT-PCR : 

15 

L'ARN total a ete extrait en utilisant 1 ml de RNAZOL™B 
(Bioprobe) selon la methode de Chomczynski et Sacchi. La quantite 
d'ARN a ete determinee par densite optique mesuree a 260 nm et sa 
purete a ete determinee a partir du rapport des absorbances mesurees a 

20 260 et 280 nm (rapports 1,8-2,0). L'integrite des preparations d'ARN a ete 
en outre verifiee par electrophorese sur gel d'agarose a 1 % dans du TBE 
(0,45 M de Tris-borate, 10 mM d'EDTA, pH 8). La specificite des amorces 
a ete analysee en comparant leurs sequences avec les diverses banques 
de donnees de genes (EMBL et FASTA). Pour une quantification relative, 

25 le gene codant pour la G3PDH (glyceraldehyde-3-phosphate 
dehydrogenase, Clontech), gene ubiquitaire exprime dans de nombreux 
tissus incluant le cerveau, a ete co-amplifie avec I'ARNm teste en tant que 
standard interne pour verifier I'egalite des quantites d'ARN des 
echantillons et pour tester I'efficacite de Tetape de transcription inverse 
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pour les differents echantillons d'ARN. Les amorces 5' 3' et les 
oligonucleotides des sondes internes de G3PDH ont ete synthetisees et 
pur,f,ees par Eurogentec. L'ARNm total (1 ug) a ete denature (15 minutes 
a 65' C) et transcrit en ADNc simple brin (1 heure et dem.e. 42° C) dans 
un volume final de 20 ul de tampon (50 mM de Tris-HC, 75 mM de KCI 
PH 8,3. Gibco BRL) contenant 5 ng par M | d'amorce oligo-dT 12-18 
(Pharmacia Biotech). 40 unites de reverse transcriptase du virus de la 

leucemie murine Molonpv/ /Mu.i \/\ , _ 

j v ...~ vvj.^u dhlj, mj unites de RNAsine 

(Promega). 10 mM DTT (Gibco BRL) e, 0.5 mM de chacun des 
deoxynucleotides triphosphate (Promega). Les echantillons d'ADNc on, 
ete dilues au 1 /10 dans de I'eau distiUee et les reaction de PGR on, ete 
menees en ulilisan, 1 M |, 4 ul ou 2 ul de I'echantillon d'ADNc pour I ARN 
messager d'ULIP-2 et ULIP-3 . dans un tampon (50 mM de KCI 10 mM de 
Tns-HCI. 0.1 % de Triton X100. 0,4 % de glycerol et 800 uM de NaCI Ph 
9). dans lequel a ete ajoute 40 M M de DTT, 3 mM de MgCI, O 2 mM de 
chaque dNTP, 0,4 pM de chaque amorce selection™*, et 2 unites de 
I'AmpliTaq ADN polymerase (Promega, dans un volume final de 50 pi 
Les echantillons ont ensuite ete places dans un thermocycieur (Biomed- 
Hyba,d), denatures a 95X pendant 5 minutes e, amplifies pendan, 35 
cycles (un cycle = dena.ura.ion 95- C pendan. 65 secondes, hybridation 
des amorces 60- C pendant 45 secondes, extension 72- C pendant 4 
minutes e . allongement finale 15 minutes a 72- c. Les produits on, ete 
separes par electrophorese sur gel d'agarose-Seakem a 1 % et les 
bandes tests des produits de RT-PCR de ,ai„e attendue ainsi que 
echelle de marqueur de poids moleculaire (100 paires de base, 
(Promega, on. ete visualises en utilisam ,a co,or a «ion au bromure 
d ethidium. 
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Composition des sondes oligonucleotidiques utilisees pour la PGR ULIP-3 

5' ATAGAGGAGCGGATGACG (899) 3' 

GCTGTTATGGTCTTCAACTTGTCGG (1092) 
GGCCTGTTATGGTCTTCAACTTGTCG (1093) 
5 Composition des sondes oligonucleotidiques utilisees pour ia PCR ULIP-2 

5' AGGAGGAGTGAAGACCATCG 5227) 3' 

CTTATGCCACTCGCTGATGTCC (509). 

2) Resultats 

io Les experiences de RT-PCR montrent que TOAD-64 

(ULIP-2) et C-22 (ULIP-3) sont exprimes dans certaines tumeurs du 
poumon a petites cellules (cf. figure 8) et absents dans d'autres 
notamment dans celles des patients qui developpent des syndromes 
neurologiques paraneopiasiques de meilleur pronostic. 

15 

B - Expression de ULIP-4 dans les cancers 
1 ) Mat6riels et m£thodes 

20 • Preparation de I'ARN et RT-PCR 

Les ARN totaux sont extraits de tumeurs cerebrales 
conservees dans I'azote liquide, selon la technique classique au 
RNAZOL™(Bioprobe, France). La transcription inverse a ete effectuee en 
utiiisant des oligo(dt) 18 sur 1 |jg d'ARN total et la PCR a ete realisee avec 
25 1/20 du volume du melange pour ia transcription inverse (RT-mix). Les 
amorces utilisees pour ULIP-4 sont : 

5'CATCTGGCTGTCGCTGCAC3\ 5'GCCGCCCCTACCAGAGACC3\ 
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et pour GAPDH 5'GGAGATTCAGTGTGGTGG3', 
5-GGCTCTCCAGAACATCATCC3'. L'ADNc a ete denature a 95°C 
pendant cinq minutes. L'amplification par PCR a ete realisee pendant 30 
cycles. Ulip4 : 95°C, 45 sec ; 62°C, 45 sec ; 72°C, 45 sec. GAPDH : 95°C, 
45 sec ; 55°C, 45 sec ; 72°C, 45 sec. L'extension finale a ete realisee a 
72°C pendant 5 minutes. 



2 ) Resuitats 

Sur les 8 extraits de glioblastomes etudies. 4 (50 %) 
exprimaient I'ARN messager de ULIP-4. A I'inverse, sur les 10 extraits 
d'oligodendrogliomes testes, aucun n'exprimait I'ARN messager de ULIP- 
4. Cette expression differentielle, en fonction du type de tumeur cerebrale 
primitive, est en faveur d'un role potentiel de ULIP-4 dans la proliferation 
cellulaire de ces tumeurs. 



La proteine POP-66/ULIP-4 ainsi que les proteines de la 
famille ULIP pourraient etre exprimees dans les tumeurs peripheriques 
(tumeur du poumon a petites cellules, thymome, cancer du sein et de 
I'ovaire). Leur presence pourrait done etre correlee a un pronostic. La 
localisation du gene de POP-66/ULIP-4 sur la partie distale du 
chromosome 10 le confirme dans le cas des tumeurs cerebrates. 

Ainsi, I'expression differentielle des membres de la famille 
ULIP dans des tumeurs telles que le cancer a petites cellules du poumon, 
alors que le gene ULIP correspondant est absent dans un tissu sain, ainsi 
que la modulation de I'expression des membres de la famille ULIP 
obtenus lors de la differencial par le retrovirus humain HTLV1 d'une 
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lignee de medulloblastome, suggerent rimplication des UL1P dans les 
tumeurs cancereuses. 

EXEMPLE 12 : 

5 Production d'anticorps specif iques de chacune des 

proteines ULIP humaines 

Des peptides specifiques de chaque membre de la familie 
ULIP ont ete synthetases synthetise sur un appareil de synthese 
io peptidique multiple utilisant le F-moc (432A Peptide Synthesizer 
SYNERGY, Applied Biosystems). La purete a ete verifiee par analyse de 
la sequence par HPLC et spectrometrie de masse. 

Ces peptides sont : 

Peptide specifique de ULIP-1 :GSARGSPTRPN (11 acides 
15 amines) 

Peptide specifique de ULIP-2 :SSAKTSPAKQQA(12 acides 
amines) 

20 Peptide specifique de ULIP-3 :PSAKSSPSKHQ(11 acides amines) 
Peptide specifique de ULIP-4 :PARASCPGKIS(11 acides amines). 

1 mg du peptide synthetique conjugue a de Themocyanine 
25 de patelle, dans de Tadjuvant complet de Freund, a ete utilise pour 
immuniser des lapins avec une dose « booster » de 0,5 mg de peptide lie 
dans de I'adjuvant complet de Freund apres 4 semaines. 

Les anticorps obtenus reconnaissent specifiquement chaque 
proteine membre de la familie ULIP. 



30 
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humain. 



EXEMPLE 13 • 

Production d'animaux transgeniques exprimant ULIP-4 

Des drosophiles ont ete transformees par I'ADNc d'ULIP-4 



L'ADNc de ULIP-4, precedemment clone dans pbluescript 
SK-phagemid, a ete excise par double digestion enzymatique Kpn1 et 

Xba1 Anrft« plortrnohorofn i _n 

r <" ,WMO oul y«' u ayarose, ie Tragment d'ADNc a ete 

purifie puis clone dans pUAST, derivant de P CaSpeR3. d.gere par les 
enzymes de restriction Kpn1 et Xba1. Le plasm.de 10-C resulte du 
clonage directionnel de I'ADNc de ULIP-4 dans pUAST associe au gene 
rapporteur mini-white. Le plasmid 10-C a ete injecte avec un plasmide 
helper p-delta-2-3 codant pour la transposase de Telement P active dans 
la lignee germinale. 

Les drosophiles transformees sont identifies par leurs yeux 
rouges resultant de I'expression du gene mini-white. Ces lignees 
transformees par I'ADNc de ULIP-4 sous le controle de sequences 
regulatrices UASGAL4 permettent une expression ciblee de I'ADNc de 
ULIP-4. 

Cette production de drosophiles transformees permet 
d'etudier specifiquement le role de ULIP-4 dans differentes cellules et 
comprendre son implication dans les pathologies humaines. 
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LISTE DE SEQUENCES 

(1) INFORMATION GENERALE: 

(i) DEPOSANT: 

(A) NOM: Institut National de la Sante et de la 

Recherche Medicale 

(B) RUE: 101, rue de Tolbiac 

(C) VILLE: Paris 

(E) PAYS: FRANCE 

(F) CODE POSTAL: 75013 

(G) TELEPHONE: 0144236000 
<H) TELECOPIE: 0145856856 

fii) TITRE DE L 1 INVENTION : Utilisation des Ulip dans ies SNP et ies 
cancers associes 

(ill) NOMBRE DE SEQUENCES : 8 

(lv) FORME LISIBLE PAR ORDINATEUR: 

(A) TYPE DE SUPPORT: Floppy disk 

(B) ORDINATEUR: IBM PC compatible 

(C) SYSTEME D* EXPLOITATION: PC-DOS/MS-DOS 

(D) LOGICIEL: Patentln Release #1.0, Version #1.25 { OEB ) 

(2) INFORMATION POUR LA SEQ ID NO: 1: 

(i) CARACTERI STIQUES DE LA SEQUENCE: 

(A) LONGUEUR: 1817 paires de bases 

(B) TYPE: acide nucleique 

(C) NOMBRE DE BRINS : simple 

(D) CONFIGURATION: lineaire 

(ii) TYPE DE MOLECULE: ADNc 

(vi) ORIGINE: 

(A) ORGANISME: Mus musculus 

(xi) DESCRIPTION DE LA SEQUENCE: SEQ ID NO: 1: 

CTTCCTCCCG CCCCCCGGAG AGATGTCTTA TCAGGGGAAG AAAAAT AT T C CACCCATCAC 60 

GAG C GAT C GT CTTCTGATCA AAGGTGGCAA GATTGTGAAT GATGACCAGT CCTTCTATGC 12 0 

AGACATATAC AT G GAAGAT G GGTTGATCAA GCAAATAGGA GAAAACCTGA TTGTACCAGG 18 0 

AGGGGTGAAG AC CAT C GAAG CCCACTCCAG AATGGTGATT CCCGGAGGAA TTGACGTGCA 240 

TACTCGCTTC CAGATGCCTG ACCAGGGAAT GACATCCGCT GATGACTTCT TCCAGGGAAC 300 
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CAAGGCGGCC 


CTGGCCGGGG 


G AAC C AC CAT 


GATCATTGAC 


CATGTTGTTC 


CTGAGCCCGG 


360 


GACGAGCCTA 


TTGGCTGCCT 


TTGATCAGTG 


GAGGGAGTGG 


GCTGACAGCA 


AGTCCTGCTG 


420 


TGACTATTCG 


CTGCACGTGG 


ACATCACTGA 


GTGGCACAAG 


GGCATCCAGG 


AGGAGATGGA 


4 80 


AGCTCTGGTG 


AAGGACCACG 


GGGTAAACTC 


CTTCCTCGTG 


TACATGGCTT 


T C AAAG AT CG 


540 


ATTCCAGCTG 


ACGGATTCCC 


AG AT C TAT G A 


AGTGCTGAGC 


GTGATCCGGG 


ATATCGGTGC 


600 


CATAGCTCAA 


GTCCACGCAG 


AGAATGGTGA 


CATCATTGCT 


GAGGCACAGC 


AGAGGATCCT 


660 


GGATCTGGGC 


ATCACGGGCC 


CCGAGGGACA 


CGTGTTGAGC 


CGGCCAGAGG 


AGGTCGAGGC 


720 


TGAAGCTGTG 


AACCGGTCCA 


TCACTATTGC 


CAACCAGACC 


AACTGCCCTC 


TGTATGTCAC 


780 


CAAAGTGATG 


CCCAAGAGTG 


CGGCTGAAGT 


CATCGCTCAG 


GCACGGAAGA 


AGGGAACTGT 


84 0 


GGTGTATGGT 


GAGCCCATCA 


CGGCCAGCCT 


GGGGACTGAT 


GGCTCTCATT 


ACTGGAGCAA 


900 


GAACTGGGCC 


AAGGCTGCGG 


CCTTTGTCAC 


CTCCCCACCC 


TTGAGCCCCG 


ACCCAACCAC 


9 60 


TCCAGACTTT 


CTCAACTCGT 


TGCTGTCCTG 


TGGAGACCTC 


CAAGTCACTG 


GCAGTGCCCA 


1020 


CTGCACCTTC 


AACACTGCCC 


AGAAGGCTGT 


GGGGAAGGAC 


AACTTCACCT 


TGATTCCCGA 


1080 


GGGCACCAAC 


GGCACTGAGG 


AGCGGATGTC 


TGTCATTTGG 


GATAAAGCTG 


TGGTCACTGG 


1140 


GAAGAT GGAT 


GAGAATCAGT 


TTGTGGCTGT 


GACCAGCACC 


AAC G C AG C C A 


AAGTCTTCAA 


1200 


CCTTTACCCC 


CGGAAAGGTC 


GCATCTCGGT 


GGGATCTGAT 


GCTGACTTGG 


TCATCTGGGA 


1260 


CCCTGACAGT 


GTGAAGACCA 


TCTCTGCCAA 


GACACACAAC 


AGTGCTCTTG 


AGTACAACAT 


1320 


CTTTGAAGGC 


ATGGAGTGTC 


GCGGCTCCCC 


ACTGGTGGTC 


ATCAGCCAGG 


GCAAGATTGT 


1380 


CCTGGAGGAC 


GGCACACTTC 


AT GT C AC T GA AGGCT CAGGA 


CGCTACATTC 


CCCGGAAGCC 


1440 


CTTCCCTGAC 


TTTGTGTACA 


AACGCATCAA 


AGCAAGGAGC 


1 GGCTG 


AGC T GAGAGG 


1500 


GGTCCCTCGT 


GGCCTGTATG 


ACGGACCGGT 


ATGCGAGGTG 


TCTGTGACGC 


CCAAGACGGT 


1560 


GACTCCAGCC 


TCATCAGCTA 


AGACATCCCC 


TGCCAAGCAG 


CAGGCACCAC 


CTGTTCGGAA 


1620 


CCTGCACCAG 


TCTGGATTCA 


GCTTGTCTGG 


TGCTCAGATT 


GAC GACAAC A 


TTCCCCGCCG 


1680 


CACCACCCAG 


CGCATCGTGG 


CACCCCCTGG 


TGGCCGTGCC 


AACATCACCA 


GCCTGGGCTA 


1740 


AAGCCCCTAG 


GCCTGCAGGC 


CACTTGGGGA 


TGGGGGATGG 


GACAC CTGAG 


GACATTCTGA 


1800 


GACTTCCTTT 


CTTCCAT 










1817 


(2) INFORMATION POUR LA SEQ ID NO 


: 2: 
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(i) CARACTERISTIQUES DE LA SEQUENCE: 
{A) LONGUEUR: 572 acides amines 

(B) TYPE: acide amine 

(C) N OMB RE DE BRINS : simple 

(D) CONFIGURATION: lineaire 

(ii) TYPE DE MOLECULE: peptide 

(vi) ORIGINE: 

(A) ORGANISME: Mus musculus 



(xi) DESCRIPTION DE LA SEQUENCE: SEQ ID NO: 2; 



Met Ser Tyr Gin Gly Lys Lys Asn He Pro Pro He Thr Ser Asp Arc 
1 5 10 15 

Leu Leu He Lys Gly Gly Lys He Val Asn Asp Asp Gin Ser Phe Tyr 
20 25 30 

Ala Asp He Tyr Met Glu Asp Gly Leu He Lys Gin He Gly Glu Asn 
35 40 45 

Leu He Val Pro Gly Gly Val Lys Thr He Glu Ala His Ser Arg Mer 
50 55 60 

Val He Pro Gly Gly He Asp Val His Thr Arg Phe Gin Met Pro Asp 
65 70 75 80 

Gin Gly Met Thr Ser Ala Asp Asp Phe Phe Gin Gly Thr Lys Ala Ala 
85 90 95 

Leu Ala Gly Gly Thr Thr Met He He Asp His Val Val Pro Glu Pro 
100 105 HO 

Gly Thr Ser Leu Leu Ala Ala Phe Asp Gin Trp Arg Glu Trp Ala Asp 
115 120 125 

Ser Lys Ser Cys Cys Asp Tyr Ser Leu His Val Asp He Thr Glu Trp 
130 135 140 

His Lys Gly He Gin Glu Glu Met Glu Ala Leu Val Lys Asp His Gly 
145 150 155 160 

Val Asn Ser Phe Leu Val Tyr Met Ala Phe Lys Asp Arg Phe Gin Leu 
165 170 175 

Thr Asp Ser Gin He Tyr Glu Val Leu Ser Val He Arg Asp He Gly 
180 185 190 

Ala He Ala Gin Val His Ala Glu Asn Gly Asp He He Ala Glu Ala 
195 200 205 
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Gin Gin Arg lie Leu Asp Leu Gly He Thr Gly Pro Glu Gly His Val 
210 215 220 

Leu Ser Arg Pro Glu Glu Val Glu Ala Glu Ala Val Asn Arq Ser He 
225 230 235 240 

Thr He Ala Asn Gin Thr Asn Cys Pro Leu Tyr Val Thr Lys Val Met 
245 250 255 

Pro Lys Ser Ala Ala Glu Val He Ala Gin Ala Arg Lys Lys Glv Thr 
260 265 270 

Val Val Tyr Gly Glu Pro He Thr Ala Ser Leu Gly Thr Asp Glv 5e- 
275 280 ■ 285 

His Tyr Trp Ser Lys Asn Trp Ala Lys Ala Ala Ala Phe Val Thr Ser 
290 . 295 300 

Pro Pro Leu Ser Pro Asp Pro Thr Thr Pro Asp Phe Leu Asn Ser Leu 
305 310 315 320 

Leu Ser Cys Gly Asp Leu Gin Val Thr Gly Ser Ala His Cys Thr Phe 
325 330 335 

Asn Thr Ala Gin Lys Ala Val Gly Lys Asp Asn Phe Thr Leu He Pro 
340 345 350 

Glu Gly Thr Asn Gly Thr Glu Glu Arg Met Ser Val He Trp Asp Lys 
355 3 6 o 365 

Ala Val Val Thr Gly Lys Met Asp Glu Asn Gin Phe Val Ala Val Th- 
370 375 380 

Ser Thr Asn Ala Ala Lys Val Phe Asn Leu Tyr Pro Arg Lys Gly Arq 
385 390 ■ 395 400 

He Ser Val Gly Ser Asp Ala Asp Leu Val He Trp Asp Pro Asp Ser 
4 °5 410 415 

Val Lys Thr He Ser Ala Lys Thr His Asn Ser Ala Leu Glu Tyr Asn 
420 425 430 

He Phe Glu Gly Met Glu Cys Arg Gly Ser Pro Leu Val Val He Ser 
435 440 445 

Gin Gly Lys He Val Leu Glu Asp Gly Thr Leu His Val Thr Glu Gly 
450 455 4 6 o Y 

Ser Gly Arg Tyr He Pro Arg Lys Pro Phe Pro Asp Phe Val Tyr Lys 

470 475 480 

Arg He Lys Ala Arg Ser Arg Leu Ala Glu Leu Arg Gly Val Pro Arg 
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485 490 495 

Gly Leu Tyr Asp Gly Pro Val Cys Glu Val Ser Val Thr Pro Lys Thr 
500 505 510 

Val Thr Pro Ala Ser Ser Ala Lys Thr Ser Pro Ala Lys Gin Gin Ala 
515 520 525 

Pro Pro Val Arg Asn Leu His Gin Ser Gly Phe Ser Leu Ser Gly Ala 
530 535 540 

Gin lie Asp Asp Asn lie Pro Arg Arg Thr Thr Gin Arg lie Val Ala 
545 550 555 560 

Pro Pro Gly Gly Arg Ala Asn lie Thr Ser Leu Gly 
565 570 

(2) INFORMATION POUR LA SEQ ID NO: 3: 

(i) CARACTERI STIQUES DE LA SEQUENCE: 

(A) LONGUEUR: 2297 paires de bases 

(B) TYPE: acide nucleique 

(C) NOMBRE DE BRINS : simple 

(D) CONFIGURATION: lineaire 

(ii) TYPE DE MOLECULE: ADNc 

(vi) ORIGINE: 

(A) ORGANISME: Mus musculus 



(xi) DESCRIPTION DE LA SEQUENCE: SEQ ID NO: 3: 



GCTGTCTGTC 


TTCAGCGCCC 


TCCTCTCGCC 


CTGCCTCTCC 


CTCCTCCTCC 


CGCCCTCCTT 


60 


GCCAAGCCGG 


GCGGTGCAGG 


CAGCCGGAGC 


AGCGGCGGCG- 


GGCCGAGCAG 


CGGGGAGTGG 


120 


GCAGCGGTGG 


GAGCCGAGCT 


TCTGTCCTTT 


CTTTCATCCC 


TCCCTGGCCT 


TTGTCGCCGC 


180 


TCTCACGAGT 


AGCGCCGCCG 


GGAGAGACCC 


GGGTAGAGCG 


CCAGGCAGAC 


GTTAGTTCCA 


240 


GCGGCCGGGC 


GGAGGGCTCC 


AGAGGGGCCA 


TGTCTCATCA 


GG GGAAGAAG 


AGCATCCCGC 


300 


AC AT CACCAG 


TGACCGGCTC 


C T CAT C AGAG 


GTGGACGCAT 


CATCAATGAT 


GACCAGTCCT 


360 


TCTACGCCGA 


TGTCTACCTA 


GAAGAT GGAC 


TCATAAAACA 


AAT AG GAG AG 


AACCTGATTG 


420 


TTCCTGGTGG 


AGTGAAGACC 


ATCGAGGCGA 


ATGGCCGAAT 


GGTCATTCCC 


GGTGGCATTG 


480 


ATGTCAACAC 


TTACCTGCAG 


AAGCCCTCCC 


AGGGCATGAC 


CTCGGCTGAT 


GACTTCTTCC 


540 


AGGGCACTAA 


AGCAGCGCTG 


GCAGGTGGAA 


CCACGATGAT 


CATTGACCAC 


GTTGTTCCTG 


600 
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AACCTGGGTC 


CAGCTTGTTG 


ACTTCCTTTG 


AGAAATGGCA 


CGAAGCAGCA 


G AC AC C AAAT 


660 


CCTGCTGTGA 


CTATTCCCTC 


CACGTGGACA 


TCACAAGCTG 


GTATGATGGT 


GTTCGGGAAG 


720 


AGCTGGAGGT 


GCTGGTGCAG 


GACAAAGGTG 


TCAACTCCTT 


CCAAGTCTAC 


ATGGCGTATA 


780 


AGGACCTGTA 


CCAGATGTCT 


GACAGCCAGC 


TGT AT GAAGC 


CTTCACCTTC 


CTTAAGGGTT 


840 


TGGGAGCTGT 


GATCTTAGTC 


CAT G C AG AAA 


AT GGAG AT T T 


GATAGCTCAG 


GAACAAAAAC 


900 


GGATCCTGGA 


GATGGGCATC 


ACGGGTCCCG 


AG GGT CAT GC 


TCTGAGCAGA 


CCCGAGGAGC 


960 


TGGAGGCCGA 


GGCTGTGTTC 


CGGGCTATTG 


CCATTGCAGG 


CCGGATCAAT 


TGCCCTGTGT 


102 0 


ACATCACCAA 


GGT CAT GAGC 


AAGAGTGCAG 


CGGACATCAT 


CGCACTGGCC 


AG G AAGAAAG 


1080 


GCCCTCTTGT 


CTTCGGTGAG 


CCCATAGCCG 


CCAGCCTGGG 


AACCGATGGC 


ACCCACTACT 


114 0 


G GAGC AAGAA 


CTGGGCCAAG 


GCAGCTGCAT 


TTGTGACTTC 


CCCTCCCCTG 


AGCCCAGACC 


1200 


CCACCACTCC 


TGACTACTTG 


ACCTCCTTGC 


TGGCCTGTGG 


AGACTTGCAG 


GTCACAGGTA 


1260 


GTGGCCACTG 


TCCCTACAGT 


ATTGCTCAGA 


AGGCTGTGGG 


CAAGGACAAC 


TTCACTCTGA 


1320 


TCCCTGAGGG 


TGTCAATGGT 


AT AGAAGAG C 


GGATGACCGT 


TGTCTGGGAC 


AAG GCAGTGG 


1380 


CTACTGGCAA 


GAT G GAT GAG 


AACCAGTTTG 


TAGCCGTCAC 


CAGCACCAAC 


GCAGCCAAGA 


1440 


TCTTCAACCT 


GTACCCGAGG 


AAAGGTCGGA 


TCGCTGTGGG 


CTCCGATGCT 


GACGTAGTCA 


1500 


TCTGGGACCC 


AG AT AAG AT G 


AAGACCATAA 


C AG C CAAAAG 


CC AT AAATCA 


ACTGTGGAGT 


1560 


ACAACATCTT 


TGAGGGCATG 


GAGTGCCACG 


GCTCCCCCCT 


GGTGGTCATC 


AGTCAGGGCA 


1620 


AGATTGTCTT 


TGAGGATGGA AACATCAGTG 


TCAGCAAGGG 


CATGGGCCGC 


TTCATCCCTC 


1680 


G GAAGC CAT T 


CCCAGAGCAT 


CTCTACCAGC 


GTGTCAGGAT 


CAGAAG CAAG 


GTTTTCGGGT 


1740 


TGCATAGTGT 


TTCCAGGGGC 


AT GT AC GAT G 


GGCCTGTGTA 


CGAGGTGCCA 


GCTACACCCA 


1800 


AACATGCTGC 


TCCTGCTCCT 


TCTGCCGAAT 


CCTCGCCTTC 


TAAACACCAA 


CCCCCACCCA 


1860 


TCCGGAACCT 


CCACCAGTCC 


AACTTCAGCT 


TATCAGGTGC 


CCAGATAGAT 


GACAACAATC 


1920 


CAAGGCGTAC 


AGGCCACCGC 


ATTGTGGCGC 


CCCCTGGTGG 


CCGCTCCAAC 


ATCACCAGCC 


1980 


TCGGTTGACC 


TCAGATGAGC 


CAGATATGCA 


AGAGTGAAGG 


ATTATGGGAA 


AACGTCCATT 


2040 


CCTTTTCCGT 


GTTTTTGAAG 


CCCACAGTTT 


TAGTTGGTAC 


TGACGGAGGG 


GAGATTGAGC 


2100 


GATGCTCTTT 


CCTTCTCTGT 


TTAGGAAGAA 


GT GGT AC TAG 


TGTGGTGTGT 


TTGCCTGGAA 


2160 


GTCCCTCGCC 


CACAGTGTGT 


GTTCACACCG 


ACTCCACCTC 


AGAGCATGGT 


GCCGTCCGTT 


2220 
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TTCCCTTCCT AGTGACCCCA GGTTTAGCAT CGTCCTATAC TGTTCCCTCC ACTCCTCCAT 22 8 0 

GACCCTCTGA GTGATGG 22 97 

(2) INFORMATION POUR LA SEQ ID NO: 4: 

(i) CARACTERISTIQUES DE LA SEQUENCE: 

(A) LONGUEUR: 572 acides amines 

(B) TYPE: acide amine 

(C) NOMBRE DE BRINS : simple 

(D) CONFIGURATION: lineaire 

(ii) TYPE DE MOLECULE: peptide 

!vi) ORIGINE: 

(A) ORGANISME: Mus musculus 

(xi) DESCRIPTION DE LA SEQUENCE: SEQ ID NO: 4: 

Met Ser His Gin Gly Lys Lys Ser lie Pro His lie Thr Ser Asp Arg 
1 5 10 is 

Leu Leu lie Arg Gly Gly Arg lie lie Asn Asp Asp Gin Ser Phe Tyr 

20 25 30 

Ala Asp Val Tyr Leu Glu Asp Gly Leu He Lys Gin He Gly Glu Asn 
35 40 45 

Leu He Val Pro Gly Gly Val Lys Thr He Glu Ala Asn Gly Arg Met 
5 ° 55 60 

Val He Pro Gly Gly He Asp Val Asn Thr Tyr Leu Gin Lys Pro Ser 
65 70 75 80 

Gin Gly Met Thr Ser Ala Asp Asp Phe Phe Gin Gly Thr Lys Ala Ala 
85 90 95 

Leu Ala Gly Gly Thr Thr Met He He Asp His Val Val Pro Glu Pro 
100 105 110 

Gly Ser Ser Leu Leu Thr Ser Phe Glu Lys Trp His Glu Ala Ala Asp 
US 120 125 

Thr Lys Ser Cys Cys Asp Tyr Ser Leu His Val Asp He Thr Ser Trp 
130 135 140 

Tyr Asp Gly Val Arg Glu Glu Leu Glu Val Leu Val Gin Asp Lys Gly 
145 150 155 160 

Val Asn Ser Phe Gin Val Tyr Met Ala Tyr Lys Asp Leu Tyr Gin Met 
i65 170 175 
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Ser Asp Ser Gin Leu Tyr Glu Ala Phe Thr Phe Leu Lys Gly Leu Gly 
180 185 190 

Ala val lie Leu Val His Ala Glu Asn Gly Asp Leu He Ala Gin Glu 
l9 $ 200 



205 



Gin Lys Arg He Leu Glu Met Gly II 



210 



215 



y He Thr Gly Pro Glu Gly His Al< 



>20 



Leu Ser Arg Pro Glu Glu Leu Glu Ala Glu 
225 



Ala Val Phe Arg Ala He 
230 _ . _ 

^ ^ ^ H U 



Ala He Ala Gly Arg He Asn Cys Pro Val 
245 



Tyr He Thr Lys Val Met 
"0 255 



Ser Lys Ser Ala Ala Asp He lie Ala Leu Ala Arg L 



260 



265 



g Lys Lys Gly Pro 
270 



Leu Val Phe Gly Glu Pro He Ale 



„- La Ala Ser Leu Gly Thr Asp Gly Thr 

•^ 75 280 



285 



His Tyr Trp Ser Lys Asn Trp Ale 



OQn ' r P Ala L ys Ala Ala Ala Phe Val Thr Ser 

^ yo 295 



300 



Pro Pro Leu Ser Pro Asp Pro Thr Th 
305 



r Pro Asp Tyr Leu Thr Ser Leu 
310 315 320 



Leu Ala Cys Gly Asp Leu Gin Val Thr Gly Ser Gly His Cys Pro Tyr 
325 330 335 

Ser He Ala Gin Lys Ala Val Gly Lys Asp Asn Phe Thr Leu He Pro 
340 345 35Q 

Glu Gly Val Asn Gly He Glu Glu Arg Met Thr Val Val Trp Asp Lys 
J " 360 365 

Ala Val Ala Thr Gly Lys Met Asp Glu Asn Gin Phe Val Ala Val Thr 

375 380 

Ser Thr Asn Ala Ala Lys lie Phe Asn Leu Tyr Pro Arg Lys Gly Arg 

390 395 400 

He Ala Val Gly Ser Asp Ala Asp Val Val He Trp Asp Pro Asp Lys 
405 410 41 5 

Met Lys Thr lie Thr Ala Lys Ser His Lys Ser Thr Val Glu Tyr Asn 



425 



430 



He Phe Glu Gly Met Glu Cys His Gly Ser Pro Leu Val Val II 



440 



445 



Gin Gly Lys He Val Phe Glu Asp Gly Asn He Ser Val Ser 



e Ser 



Lys Gly 



WO 98/37192 



WPCT/FR98/00328 



450 



455 



460 



Met Gly Arg Phe lie Pro Arg Lys Pro 
465 470 



Phe Pro Glu His Leu Tyr Gin 
475 480 



Arg Val Arg lie Arg Ser Lys Val Phe 
485 



Gly Leu His Ser Val Ser Arg 
490 495 



Gly Met Tyr Asp Gly Pro Val Tyr Glu 
500 505 



Val Pro Ala Thr Pro Lys His 
510 



Ala Ala Pro Ala Pro Ser Ala Glu Ser 
515 520 



Ser Pro Ser Lys His Gin Pro 

525 



Pro Pro lie Arg Asn Leu His Gin Ser 

530 535 



Asn Phe Ser Leu Ser Gly Ala 
540 



Gin lie Asp Asp Asn Asn Pro Arg Arg 
545 550 



Thr Gly His Arg lie Val Ala 
555 560 



Pro Pro Gly Gly Arg Ser Asn lie Thr 
565 



Ser Leu Gly 
570 



(2) INFORMATION POUR LA SEQ ID NO: 5: 

(i) CARACTERI STIQUES DE LA SEQUENCE: 

(A) LONGUEUR: 1920 paires de bases 

(B) TYPE: acide nucleique 

(C) NOMBRE DE BRINS : simple 

(D) CONFIGURATION: lineaire 

(ii) TYPE DE MOLECULE: ADNc 

( vi) ORIGINE: 

(A) ORGANISME: Mus musculus 



(xi) DESCRIPTION DE LA SEQUENCE : SEQ ID NO: 5: 



GCTGACTAAT 


ATGCTTAAAT 


TCAGCGGGTC 


GCCACGTCTG 


GTCGGTACGT 


CCACGCCCGC 


60 


GCAGCCCCTA 


C C GAG G AC AC 


TCAGCCCGCC 


CGTGTATCAG 


GATGTCCTTC 


CAAGGCAAGA 


120 


AGAG CAT T C C 


CCGGATAACG 


AGCGACCGCC 


TTCTCATCAA 


AGGTGGGAAG 


ATTGTGAACG 


180 


ATGACCAGTC 


CTTTCATGCT 


GATCTGTATG 


TGGAAGACGG 


TCT GATTAAA 


C AAATT GGAG 


240 


AAAAT C T CAT 


CGTCCCTGGG 


GGCAT CAAAA 


C CATC GAT GC 


TCATGGCCTG 


ATGGTGCTGC 


300 


CTGGGGGAGT 


TGACGTTCAC 


ACCCGGCTGC 


AGATGCCTGT 


GATGGGCATG 


ACCCCAGCTG 


360 


ATGATTTCTG 


TCAGGGCACC 


AAGGCGGCTC 


TAGCAGGCGG 


GACCACCATG 


ATATTGGACC 


420 
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ATGTGTTTCC 


TGACGCTGGT 


GTGAGCCTGC 


TGGCAGCCTA 


TGAGCAGTGG 


CGGGACGGAG 


480 


CAGACAGCGC 


GGCCTGCTGT 


GACTACTCCT 


TACATGTGGA 


CATTCCTCGC 


TGGCACGAGA 


540 


GCACCAAAGA 


AGAGCTGGAG 


GCCCTAGTCA 


GGGACAAAGG 


TGTGAACTCC 


TTCCTGGTCT 


600 


T CAT G G CAT A 


CAAGGACAGG 


TGCCAGTGTA 


CTGACGGTCA 


GAT AT AT GAA 


ATCTTCAGCC 


660 


TCATCCGGGA 


CCTGGGAGCT 


GTGGCCCAGG 


T G C AC G C AG A 


AAATGGGGAC 


ATCGTGGAGG 


720 


AGGAACAGAA 


GCGCCTGCTG 


GAGCAAGGCA 


TCACTGGTCC 


TGAGGGCCAT 


GTGCTCAGCC 


780 


ACCCAGAAGA 


GGTAGAGGCC 


GAGGCTGTGT 


ACAGAGCAGT 


CACCATTGCC 


AAGCAGGCCA 


8 40 


ACTGCCCACT 


ATACGTCACC 


AAGGTGATGA 


GCAAGGGTGC 


AGCTGACATG 


GTTGCCCAAG 


900 


CCAAGCGCAG 


GGGGGTGGTC 


GTCTTTGGGG 


AACCTATCAC 


TGCCAGCCTG 


GGCACTGATG 


960 


GCTCACACTA 


CTGGAGCAAG 


AACTGGGCCA 


AGGCTGCAGC 


CTTTGTCACT 


TCACCCCCTA 


1020 


TCAACCCGGA 


CCCTACTACT 


GCAGACCACC 


TCACCTCTCT 


GCTGTCCAGT 


GGGGACCTCC 


1080 


AGGTGACAGG 


CAGTGCCCAC 


TGCACCTTCA 


CTACTGCCCA 


GAAGGCTGTT 


GGCAAAGACA 


1140 


ACTTCACACT 


GATCCCCGAG 


GTAGT CAACG 


GTATAGAAGA 


GCGCATGTCT 


GTGGTCTGGG 


1200 


AGAAATGTGT 


GGCTTCAGGG 


AAAAT GGACG 


AGAATGAGTT 


CGTTGCCGTG 


AC C AG C AC AA 


1260 


ATGCTGCCAA 


AATCTTCAAT 


TTTTACCCCA 


GGAAGGGGCG 


TGTGGCCGTG 


GGCTCTGATG 


1320 


CTGACCTGGT 


CATCTGGAAC 


CCCAGGGCCA 


C GAAAGT CAT 


CTCTGCCAAG 


AGCCATAACC 


1380 


TGAATGTAGA 


GTACAACATC 


TTT GAAGGAG 


TGGAGTGCCG 


AGGAGTGCCC 


ACGGTGGTCA 


1440 


TAAGTCAGGG 


CAGAGTGGTG 


CTGGAGGACG 


GAAACCTGCT 


TGTCACTCCA 


GGGGCTGGCC 


1500 


GCTTCATTCC 


CCGGAAGACG 


TTCCCGGACT 


TTGTCTATAA 


GAG GAT AAAG 


GCTCGCAACA 


1560 


GGCTAGCAGA 


GATCCACGGT 


GTGCCTCGAG 


GCCTGTACGA 


CGGGCCTGTG 


CAT GAAGT GA 


1620 


TGTTACCTGC 


CAAGCCAGGA 


AGTGGCACAC 


AGGCCCGTGC 


ATCCTGTTCA 


GGCAAGATCT 


1680 


CAGTGCCACC 


CGTGCGCAAC 


CTGCACCAGT 


CGGGGTTCAG 


CCTATCTGGC 


TCTCAGGCTG 


1740 


AC GAT C AC AT 


TGCCAGACGT 


ACGGCTCAGA 


AGAT CAT G G C 


ACCCCCCGGA 


GGACGCTCCA 


1800 


ACATCACGTC 


TCTTTCCTAG 


ACTTGGGGTC 


TTGGCAAGCT 


GGTGCTGTCC 


CCACTGGCAG 


1860 


GGTGTGGGGA 


CGACTCACGT 


CAGTTAGCTC 


CTTCCTTTGT 


AGATTGTTAT 


TGTGAAAGGC 


1920 



(2) INFORMATION POUR LA SEQ ID NO 6: 
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(i) CARACTERISTIQUES DE LA SEQUENCE: 

(A) LONGUEUR: 572 acides amines 

(B) TYPE: acide amine 

(C) NOMBRE DE BRINS : simple 

(D) CONFIGURATION: lineaire 

(ii) TYPE DE MOLECULE: peptide 

(vi) ORIGINE: 

(A) ORGANISME: Mus musculus 



DESCRIPTION DE LA SEQUENCE: SEQ ID NO 6: 



Met Ser Phe Gin Gly Lys Lys Ser lie Pro Arg lie Thr Ser Asd Arg 
1 5 10 15' 

Leu Leu lie Lys Gly Gly Lys lie Val Asn Asp Asp Gin Ser Phe His 
20 25 30 

Ala Asp Leu Tyr Val Glu Asp Gly Leu He Lys Gin He Gly Glu Asn 
35 40 45 

Leu He Val Pro Gly Gly He Lys Thr He Asp Ala His Gly Leu Met 
50 55 60 

Val Leu Pro Gly Gly Val Asp Val His Thr Arg Leu Gin Met Pro Val 
65 70 75 80 

Met Gly Met Thr Pro Ala Asp Asp Phe Cys Gin Gly Thr Lvs Ala Ala 
85 90 " 95 

Leu Ala Gly Gly Thr Thr Met He Leu Asp His Val Phe Pro Asp Ala 
100 105 HO 

Gly Val Ser Leu Leu Ala Ala Tyr Glu Gin Trp Arg Asp Gly Ala Asp 
115 120 125 

Ser Ala Ala Cys Cys Asp Tyr Ser Leu His Val Asp He Pro Arq Trp 
130 135 140 

His Glu Ser Thr Lys Glu Glu Leu Glu Ala Leu Val Arg Asp Lys Gly 
145 150 155 160 

Val Asn Ser Phe Leu Val Phe Met Ala Tyr Lys Asp Arg Cys Gin Cys 
165 170 175 

Thr Asp Gly Gin He Tyr Glu He Phe Ser Leu He Arg Asp Leu Gly 
180 185 190 

Ala Val Ala Gin Val His Ala Glu Asn Gly Asp He Val Glu Glu Glu 
195 200 205 
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Gin Lys Arg Leu Leu Glu Gin Gly He Thr Gly Pro Glu Gly His Val 
ZlU 215 220 



Leu Ser His Pro Glu Glu Val Glu Ala Glu 



225 



230 



Ala Val Tyr Arg Ala Val 



235 



240 



Thr He Ala Lys Gin Ala Asn 



°y s Pro Leu Tyr Val Thr Lys Val Met 
245 250 



255 



Ser Lys Gly Ala Ala Asp Met Val Ale 



0£ - n La Gln Aia Lys Arg Arg Gly Val 

260 265 270 

Val Val Phe Gly Glu Pro He Thr Ala Ser Leu Gly Thr Asp Gly Ser 

280 285 

His Tyr Trp Ser Lys Asn Trp Ala Lys Ala Ala Ala Phe Val Thr Se- 
^ yu 295 - - - 



300 



Pro Pro He Asn Pro Asp Pro Thr 
305 



Thr Ala Asp His Leu Thr Ser Leu 
310 315 320 



Leu Ser Ser Gly Asp Leu Gin Val Thr Gly Ser Ala His Cys Thr Phe 
325 330 33 5 

Thr Thr Ala Gin Lys Ala Val Gly Lys Asp Asn Phe Thr Leu lie Pro 

340 345 350 

Glu Val val Asn Gly Ile Glu Glu Arg Met 

355 360 365 

. Cys Val Ala Ser Gly Lys Met Asp Glu Asn Glu Phe Val Ala Val Thr 

375 380 

Ser Thr Asn Ala Ala Lys lie Phe Asn Phe Tyr Pro Arg Lys Gly Arg 

390 . 395 4 00 

Val Ala Val Gly Ser Asp Ala Asp Leu Val He Trp Asn Pro Arg Ala 
405 410 415 



Thr Lys Val Ile Ser Ala Lys Ser His Asn Leu Asn 



420 



425 



Val Glu Tyr Asn 
430 



He Phe Glu Gly Val Glu Cys Arg Gly Val Pro Thr Val Val lie Ser 
b 440 445 

Gin Gly Arg Val Val Leu Glu Asp Gly Asn Leu Leu Val Thr Pro Glv 

4 55 - 



460 



Ala Gly Arg Phe lie Pro Arg Lys Thr Phe Pro Asp Phe Val Tyr Lys 

475 480 
Arg lie Lys Al a Ar Asn Arg Leu ^ ^ ^ ^ ^ ^ ^ 

HOD 



495 
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Gly Leu Tyr Asp Gly Pro Val His Glu Val Met Leu Pro Ala Lys Pro 
500 505 510 

Gly Ser Gly Thr Gin Ala Arg Ala Ser Cys Ser Gly Lys lie Ser Val 
515 520 525 

Pro Pro Val Arg Asn Leu His Gin Ser Gly Phe Ser Leu Ser Gly Ser 
530 535 540 

Gin Ala Asp Asp His lie Ala Arg Arg Thr Ala Gin Lys lie Met Ala 
545 550 555 560 

Pro Pro Gly Gly Arg Ser Asn lie Thr Ser Leu Ser 
565 570 

(2) INFORMATION POUR LA SEQ ID NO 7 : 

(ii CARACTERISTIQUES DE LA SEQUENCE: 

(A) LONGUEUR: 1690 paires de bases 

(B) TYPE: acide nucleique 

(C) NOMBRE DE BRINS : simple 

(D) CONFIGURATION: lineaire 

(ii) TYPE DE MOLECULE: ADNc 

(vi) ORIGINE: 

(A) ORGANISME: Homo sapiens 

(xi) DESCRIPTION DE LA SEQUENCE: SEQ ID NO 7 : 

GCCGCCCCTA CCAGAGACCC CCAGGAGCAG GATGTCCTTC CAGGGCAAGA AAAGCATCCC 60 

CCGGATCACG AGTGACCGCC TTCTGATCAG AGGTGGGAGG ATCGTGAATG ACGACCAGTC 12 0 

CTTTTACGCT GATGTGCACG TGGAAGATGG CTTGATAAAA CAAATCGGAG AAAAC C T CAT 180 

CGTCCCTGGG GGCATCAAGA CCATTGACGC CCACGGCCTG ATGGTCCTTC CTGGTGGCGT 24 0 

T G AC GT C C AC ACAAGGCTGC AGATGCCTGT CCTGGGCATG ACACCGGCTG ACGACTTCTG 300 

TCAGGGCACC AAGGCAGCGC TAGCAGGAGG AAC C AC CAT G ATCTTGGACC ACGTCTTCCC 360 

CGACACGGGT GTGAGCCTGC TGGCGGCCTA CGAGCAGTGG CGGGAGCGGG CGGACAGCGC 42 0 

GGCCTGCTGC GACTACTCCC TGCACGTGGA CATCACCCGA TGGCATGAGA GCATCAAGGA 4 80 

GGAGCTGGAG GCCCTGGTCA AGGAGAAGGG TGTGAACTCC TTCCTGGTCT TCATGGCATA 54 0 

CAAGGACCGG TGCCAGTGCA GCGACAGCCA GAT GT AC GAG ATCTTCAGCA TCATCCGGGA 600 

CCTGGGGGCC TTGGCCCAGG TGCACGCTGA GAACGGGGAC ATCGTGGAGG AGGAGCAGAA 660 
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GCGGTTGCTG 


GAGCTCGGCA 


TCACTGGCCC 


CGAGGGCCAC 


GTGCTCAGCC 


ACCCCGAGGA 


720 


GGTGGAGGCT 


GAGGCGGTGT 


ACCGAGCTGT 


CACCATCGCC 


AAGCAGGCAA 


ACTGCCCGCT 


780 


GTACGTCACC 


AAGGTGATGA 


GCAAGGGGGC 


GGCCGACGCC 


ATCGCTCAGG 


CCAAGCGCAG 


840 


AGGGGTGGTC 


GTGTTTGGGG 


AGCCCATCAC 


CGCCAGCCTG 


GGCACCGACG 


GTTCACACTA 


900 


CTGGAGCAAG 


AACTGGGCCA 


AGGCTGCAGC 


CTTCGTCACA 


TCACCCCCTG 


TCAACCCAGA 


960 


CCCCACCACG 


GCAGACCACC 


TCACCTGCTT 


GCTGTCCAGC 


GGGGACCTCC 


AG G T GAG AG G 


i n -) c\ 

X V i. V 


CAGCGCCCAC 


TGCACCTTCA 


CCACTGCCCA 


GAAGGCTGTG 


GGCAAGGACA 


ACTTCGCGCT 


1080 


GATCCCCGAG 


GGCACCAACG 


GCATTGAGGA 


GCGCATGTCG 


ATGGTCTGGG 


AGAAATGTGT 


1140 


GGCCTCTGGG 


AAGATGGACG 


AGAATGAGTT 


CGTCGCGGTG 


ACCAGTACAA 


ATGCTGCCAA 


1200 


AATCTTCAAT 


TTTTACCCAA 


GGAAGGGGCG 


AGTGGCTGTG 


GGCTCTGACG 


CTGACCTGGT 


1260 


CATATGGAAC 


CCCAAGGCCA 


C C AAG AT CAT 


CTCTGCCAAG 


ACCCACAATC 


TGAACGTGGA 


132 0 


GTACAACATC 


TTCGAGGGAG 


TGGAGTGCCG 


GGGAGCGCCT 


GCCGTGGTCA 


TAAGTCAGGG 


1380 


CCGAGTGGCG 


CTGGAGGACG 


GGAAGATGTT 


TGTCACCCCG 


GGGGCGGGCC 


GCTTCGTCCC 


1440 


T C G GAAAAC A 


TTCCCGGACT 


TTGTCTACAA 


GAGGAT CAAA 


GCTCGCAACA 


GGCTGGCGGA 


1500 


GATCCACGGT 


GTGCCCCGTG 


GGCTGTATGA 


CGGGCCCGTC 


CACGAGGTGA 


TGGTGCCTGC 


1560 


CAAGC CAGGG 


AGTGGCGCTC 


CGGCCCGCGC 


GTCCTGCCCA 


GGCAAGATCT 


CCGTGCCTCC 


1620 


TGTGCGCAAC 


CTACATCAGT 


CGGGGTTCAG 


CCTATCTGGG 


TCTCAGGCTG 


AT G AC C AC AT 


1680 


CGCCCGACGC 












1690 


(2) INFORMATION POUR LA SEQ ID NO 


8 : 









(i) CARACTERISTIQUES DE LA SEQUENCE : 

(A) LONGUEUR: 572 acides amines 

(B) TYPE: acide amine 

(C) NOMBRE DE BRINS : simple 

(D) CONFIGURATION: lineaire 

(ii) TYPE DE MOLECULE: peptide 

(vi) ORIGINE: 

(A) ORGANISME: Homo sapiens 

(xi) DESCRIPTION DE LA SEQUENCE: SEQ ID 
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Met Ser Phe Gin Gly Lys Lys Ser lie Pro Arg lie Thr Ser Asp Arg 
15 10 15 

Leu Leu lie Arg Gly Gly Arg lie Val Asn Asp Asp Gin Ser Phe Tyr 

20 25 30 

Ala Asp Val His Val Glu Asp Gly Leu lie Lys Gin lie Gly Glu Asn 
35 40 45 

Leu lie Val Pro Gly Gly lie His Thr lie Asp Ala His Gly Leu Met 
50 55 60 

Val Leu Pro Gly Gly Val Asp Val His Thr Arg Leu Gin Met Pro Val 
65 70 75 80 

Leu Gly Met Thr Pro Ala Asp Asp Phe Cys Gin Gly Thr Lys Ala Ala 
85 90 95 

Leu Ala Gly Gly Thr Thr Met lie Leu Asp His Val Phe Pro Asp Thr 
100 105 110 

Gly Val Ser Leu Leu Ala Ala Tyr Glu Gin Trp Arg Glu Arg Ala Asp 
115 120 125 

Ser Ala Ala Cys Cys Asp Tyr Ser Leu His Val Asp lie Thr Arg Trp 
130 135 140 

His Glu Ser lie Lys Glu Glu Leu Glu Ala Leu Val Lys Glu Lys Gly 
145 150 155 160 

Val Asn Ser Phe Leu Val Phe Met Ala Tyr Lys Asp Arg Cys Gin Cys 
165 170 175 

Ser Asp Ser Gin Met Tyr Glu lie Phe Ser lie lie Arg Asp Leu Gly 
180 185 190 

Ala Leu Ala Gin Val His Ala Glu Asn Gly Asp He Val Glu Glu Glu 
195 200 205 

Gin Lys Arg Leu Leu Glu Leu Gly He Thr Gly Pro Glu Gly His Val 
210 215 220 

Leu Ser His Pro Glu Glu Val Glu Ala Glu Ala Val Tyr Arg Ala Val 
225 230 235 240 

Thr He Ala Lys Gin Ala Asn Cys Pro Leu Tyr Val Thr Lys Val Met 
245 250 255 

Ser Lys Gly Ala Ala Asp Ala He Ala Gin Ala Lys Arg Arg Gly Val 
260 265 270 

Val Val Phe Gly Glu Pro He Thr Ala Ser Leu Gly Thr Asp Gly Ser 
275 280 285 
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His Tyr Trp Ser Lys Asn Trp Ala Lys Ala Ala Ala Phe Val Thr Ser 
290 295 300 

Pro Pro Val Asn Pro Asp Pro Thr Thr Ala Asp His Leu Thr Cys Leu 
305 310 315 320 

Leu Ser Ser Gly Asp Leu Gin Val Thr Gly Ser Ala His Cys Thr Phe 
325 330 335 

Thr Thr Ala Gin Lys Ala Val Gly Lys Asp Asn Phe Ala Leu lie Pro 
340 345 350 

Glu Gly Thr Asn Gly lie Glu Glu Arg Met Ser Met Val Tro Glu Lys 
355 3 6 o 365 

Cys Val Ala Ser Gly Lys Met Asp Glu Asn Glu Phe Val Ala Val Thr 
370 375 380 

Ser Thr Asn Ala Ala Lys lie Phe Asn Phe Tyr Pro Arg Lys Gly Arq 
385 390 395 4 00 

Val Ala Val Gly Ser Asp Ala Asp Leu Val He Trp Asn Pro Lys Ala 
4 °5 410 415 

Thr Lys He He Ser Ala Lys Thr His Asn Leu Asn Val Glu Tyr Asn 
420 425 430 

He Phe Glu Gly Val Glu Cys Arg Gly Ala Pro Ala Val Val lie Ser 
435 440 445 

Gin Gly Arg Val Ala Leu Glu Asp Gly Lys Met Phe Val Thr Pro Gly 
450 455 46Q 

Ala Gly Arg Phe Val Pro Arg Lys Thr Phe Pro Asp Phe Val Tyr Lys 
463 470 475 4 8 o 

Arg He Lys Ala Arg Asn Arg Leu Ala Glu He His Gly Val Pro Arg 
485 490 495 

Gly Leu Tyr Asp Gly Pro Val His Glu Val Met Val Pro Ala Lys Pro 
500 505 510 

Gly Ser Gly Ala Pro Ala Arg Ala Ser Cys Pro Gly Lys He Ser Val 
515 520 525 



Pro Pro Val Arg Asn Leu His Gin 
"0 535 



Ser Gly Phe Ser Leu Ser Gly Ser 
540 



Gin Ala Asp Asp His He Ala Arg Arg Thr Ala Gin Lys He Met Ala 

560 



550 555 



Pro Pro Gly Gly Arg Ser Asn He Thr Ser Leu Ser 
565 570 
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REVENDICATIONS 

1. Polypeptide purifie, derive ou fragment polypeptidique 
dudit polypeptide purifie biologiquement actif, comprenant une sequence 

5 d'acides amines choisie parmi SEQ ID n° 2, n° 4, n° 6 et n° 8. 

2. Polypeptide purifie, derive ou fragment polypeptidique 
biologiquement actif dudit polypeptide purifie, selon la revendication 1 
comprenant la sequence d'acides amines SEQ ID n° 8, ledit polypeptide 
etant designe par « POP-66 ». 

io 3. Sequence nucleotidique isolee, comprenant : 

- une sequence choisie parmi SEQ ID n° 1, n° 3, n° 5 et n° 7 
codant pour un polypeptide de sequence d'acides amines 
respectivement SEQ ID n° 2, n° 4, n° 6 et n° 8 ; 

une sequence derivee d'une sequence choisie parmi 
15 SEQ ID n° 1, n° 3, n° 5 et n° 7 du fait de la degenerescence du code 
genetique, de mutation, de deletion ou d'insertion ; 

- ou une sequence capable de s'hybrider specifiquement 
avec la sequence SEQ ID N°1, n° 3, n° 5 ou n° 7. 

4. Sequence nucleotidique selon la revendication 3, 
20 comprenant la sequence nucleique SEQ ID n° 7 codant pour un 

polypeptide selon la revendication 2. 

5. Vecteur de clonage et/ou d'expression contenant une 
sequence d'acides nucleiques selon Tune des revendications 3 et 4. 

6. Cellule hote transferee par un vecteur selon la 
25 revendication 5. 

7. Anticorps mono- ou polyclonaux obtenus a partir d'un 
polypeptide selon Tune des revendications 1 et 2, purifie, derive ou 
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fragment polypeptidique biologiquement actif dudit polypeptide purifie, 
ainsi que les fragments, les anticorps chimeriques ou les 
immunoconjugues desdits anticorps mono- ou polyclonaux. 

8. Composition utile pour le diagnostic des syndromes 
neurologiques paraneoplasiques et/ou pour le diagnostic precoce de la 
formation des tumeurs, caracterisee en ce qu'elle comprend un 
polypeptide purifie POP-66, derive ou fragment polypeptidique 
biologiquement actif de POP-66 selon la revendication 2. 

9. Utilisation d'un polypeptide purifie POP 66, derive ou 
fragment polypeptidique biologiquement actif de POP-66 selon la 
revendication 2 ou d'une sequence nucleotidique selon la revendication 4 
pour detecter la presence d'anticorps anti-CV2 dans un echantillon 
biologique. 

10. Utilisation d'anticorps mono- ou polyclonaux ou leurs 
fragments, anticorps chimeriques ou immunoconjugues selon la 
revendication 7, pour la purification ou la detection d'une proteine ULIP 
correspondante dans un echantillon biologique. 

11. Utilisation d'anticorps diriges centre une proteine de la 
famine ULIP pour la mise en evidence d'une proteine ULIP dans des 
neoplasmes et les syndromes neurologiques paraneoplasiques, a des 
fins de diagnostic. 

12. Utilisation selon la revendication 11, les anticorps etant 
des anticorps monoclonaux obtenus a partir du serum polyclonal anti-CV2 
de patients. 

13. Methode pour le diagnostic des syndromes 
neurologiques paraneoplasiques et/ou pour le diagnostic precoce de la 
formation des tumeurs cancereuses, caracterisee en ce que I'on met en 
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evidence dans un echantillon de sang preleve chez un individu des auto- 
anticorps diriges contre une proteine POP-66 par 

- la mise en contact un echantillon de sang preleve chez un 
individu avec un polypeptide purifie (POP-66), derive ou fragment 

5 polypeptidique biologiquement actif de POP-66 selon la revendication 2, 
eventuellement fixe sur un support dans des conditions permettant la 
formation de complexes immunologiques specifiques entre ledit 
polypeptide et les auto-anticorps eventuellement presents dans 
I'echantillon de sang, et 
io - la detection des complexes immunologiques specifiques 

eventuellement formes. 

14. Kit pour le diagnostic des syndromes neurologiques 
paraneoplasiques et pour le diagnostic precoce de la formation des 
tumeurs a partir d'un prelevement biologique comprenant : 

15 - au moins un polypeptide purifie POP-66, derive ou 

fragment polypeptidique biologiquement actif de POP-66, selon la 
revendication 2 eventuellement fixe sur un support, 

- des moyens de revelation de la formation de complexes 
antigene/anticorps specifiques entre un auto-anticorps anti-POP-66 et 

20 ledit polypeptide purifie POP-66, derive ou fragment polypeptidique et/ou 
des moyens de quantification de ces complexes. 

15. Composition pharmaceutique, comprenant au moins une 
proteine purifiee de la famille ULIP, fragment polypeptidique ou derive 
biologiquement actif de ceile-ct, une sequence ou fragment de sequence 

25 nucleotidique codant pour ladite proteine, une sequence anti-sens 
capable de s'hybrider specifiquement avec une sequence nucleotidique 
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10 



15 



20 



25 



codant pour ladite proteine, ou un anticorps dirige contre ladite proteine, 
associee a un vehicule pharmaceutiquement acceptable. 

16. Composition pharmaceutique selon la revendication 15, 
comprenant au moins un polypeptide purifie POP-66 selon la 
revendication 2, fragment polypeptidique ou derive biologiquement actif 
de celui-ci, une sequence ou fragment de sequence nucleotidique codant 
pour ledit polypeptide, une sequence anti-sens capable de s'hybrider 
specifiquement avec une sequence nucleotidique codant pour ledit 
polypeptide, ou un anticorps dirige contre ledit polypeptide, associe a un 
vehicule pharmaceutiquement acceptable. 

17. Utilisation d'une proteine purifiee de la famine ULIP, 
fragment polypeptidique ou derive biologiquement actif de celle-ci, une 
sequence ou fragment de sequence nucleotidique codant pour ladite 
proteine, une sequence anti-sens capable de s'hybrider specifiquement 
avec une sequence nucleotidique codant pour ladite proteine, ou un 
anticorps dirige contre ladite proteine, pour la fabrication d'un 
medicament destine a traiter les maladies neurodegeneratives et les 
neoplasmes. 

18. Methode de traitement des maladies neurodegeneratives 
et des neoplasmes comprenant ('administration a un sujet necessitant un 
tel traitement d'une quantite therapeutiquement efficace d'une proteine 
purifiee de la famille ULIP, fragment polypeptidique ou derive 
biologiquement actif de celle-ci, une sequence ou fragment de sequence 
nucleotidique codant pour ladite proteine, une sequence anti-sens 
capable de s'hybrider specifiquement avec une sequence nucleotidique 
codant pour ladite proteine, ou un anticorps dirige contre ladite proteine, 
associee a un vehicule pharmaceutiquement acceptable. 
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"T" document utterieur publie apres la date de depdt international ou la 
date de priorite et n'appartenenant pas a I'etat de la 
technique pertinent, mais cite pour oomprendre le principe 
ou la theorie constituent la base de r invention 

"X* document particulierement pertinent; ('invention revendiquee ne peut 
etre cons id 6 re e oomme nouvelie ou oomme impliquant une activrte 
inventive par rapport au document considere isoiement 

"Y" document particulierement pertinent; I 'invention revendiquee 

ne peut etre consideree oomme imp ti quant une activrte inventive 
lorsque le document est aasoote a un ou plusieurs autres 
documonto do mdrna nature, cctte combinaiDon otant 6vidonto 
pour uno pcraonna du manor 

document qui fait partia da ta memo famillodo brevoto 



Date a laquelte la recherche Internationale a ete effectrvement aohevee 

30 juin 1998 


Date d' expedition du present rapport de recherche Internationale 

2 3. 07. 98 


Nom et adresse poataie de fadministration chargee de la recherche Internationale 
Office European des Brevets, P. B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 6S1 opo nl, 
Fax: (+31-70) 340-3016 


Fonctionnaire autorise 

Montero Lopez, B 
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RAPPORT DE REC^^CHE INTERNATIONALE 



1 P( 



frm Internationale No 

PCT/FR 98/00328 



C(suite) DOCUMENTS CON5IDERES COMME PERTINENTS 



Categorie * Identification des documents cites, avec.le cas echeant, I' indication des passages pertinents 



no. des revendi cat tons viaees 



TAMARA BYK ET AL. : 11 Identification and 

molecular characterization of Unc-33-like 

phosphoprotein (Ulip), a putative 

mammalian homo log of the axonal 

guidance-associated unc-33 gene product" 

JOURNAL OF NEUROSCIENCE, 

vol. 16, no. 2, 15 janvier 1996, 

pages 688-701, XP002045120 

cite dans la demande 

voir abrege 

voir page 690, colonne de gauche, alinea 8 

- page 693, colonne de gauche, alinea 2 
voir page 693, colonne de droite, alinea 3 

- page 694, colonne de gauche, alinea 1 
voir page 697, colonne de droite, alinea 2 

- page 701, colonne de droite, dernier 
alinea 

Y0SHI0 G0SHIMA ET AL.: "Col lapsin-induced 
growth cone collapse mediated by an 
intracellular protein related to UNC-33" 
NATURE, 

vol. 376, no. 6540, 10 aout 1995, LONDON 
GB, 

pages 509-514, XPOO206977O 
cite dans la demande 

voir page 509, colonne de droite, alinea 1 

- page 514, colonne de gauche, dernier 
alinea; figure 1C 

Base de donnees EMBL 

Numero d'acces Q62950; 1 Novembre 1996 

WANG, L. ET AL. 

XP002045123 

voir le document en entier 

NA0KI HAMAJIMA ET AL. : "A novel gene 
family defined by human 
dihydropyriminidase and three related 
proteins with differential tissue 
di stribution" 
GENE, 

vol. 180, no. 1/2, 1996, AMSTERDAM NL, 
pages 157-163, XP002045121 
voir le document en entier 

Base de donnees EMBL entree HS901245 
Numero d'acces H85901; 22 Novembre 1995 
HILLIER L. ET AL. : "The WashU-Merck EST 
Project. 11 
XP002045124 

voir le document en entier 



■/- 



1,3,5-7, 

10.11. 

15,17,18 



1.3-7 



1-7 



3,4 



Formula! re PCT/1SA/210 (suite de ia deuxieme feuille) (juillet 1992) 
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RAPPORT DE RECHEl 



INTERNATIONALE 




Demai^^htematlonale No 

PCT/FR 98/00328 



C(suite) DOCUMENTS CONSIDERES COMME PERTINENTS 
Categorte °| Identification des documents cites, avec.le cas echeant, ( indication des passages pertinents 



no. des revendicattons vtsees 



P.X 



P.X 



P.X 



P.X 



BYK T ET AL: "The Ulips: A growing 
protein family related to the axonal 
guidance associated UNC-33 protein " 
26TH ANNUAL MEETING OF THE SOCIETY FOR 
NEUROSCIENCE, WASHINGTON, D.C., USA, 
NOVEMBER 16-21, 1996. SOCIETY FOR 
NEUROSCIENCE ABSTRACTS 22 (1-3). 1996. 
1713. ISSN: 0190-5295, XP002045122 
* abrege 676.9 * 

JANE E. MINTURN ET AL. : "TOAD-64, a gene 
expressed early in neuronal 
differentiation in the rat, is related to 
unc-33, a C. elegans gene involved in axon 
outgrowth" 

THE JOURNAL OF NEUROSCIENCE. 
vol. 15, no. 10, octobre 1995, 
pages 6757-6766, XP002069771 
voir le document en entier 

Base de donnees Trrod 

Numero d'acces 008553; 1 Juillet 1997 

BYK T. ET AL.:"ULIP2 Protein" 

XP002069773 

voir le document en entier 

Base de donees Trrod 

Numero d'acces 008554; 1 Juillet 1997 

BYK T. ET AL.:"ULIP3 Protein" 

XP002069774 

voir le document en entier 

Base de donnees Trrod 

Numero d'acces 008886; 1 Juillet 1997 

BYK T. ET AL.:"ULIP4 Protein" 

XPOO2069775 

voir le document en entier 

GAETAN0, CARLO ET AL: "Identification and 
characterization of a retinoic 
acid-regulated human homo log of the unc - 
33 - like phosphoprotein gene (hUlip) from 
neuroblastoma cells" 
J. BIOL. CHEM. (1997), 272(18), 
12195-12201 C0DEN: JBCHA3;ISSN: 0021-9258, 

1997, XP002069772 
voir page 12195, colonne de droite, alinea 

voir page 12196, colonne de droite, alinea 
2 - page 12201, colonne de gauche, alinea 



1-18 



1-18 



1,7,10, 
15 



1.7,10, 
15 



1.7,10, 
15 



1-18 



Formulaire PCT/ISA/210 (suits do ta deuxteme feuttle) (juitlal 19S2) 
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RAPPORT DE RECHERCHE INTERNATIONALE 



Di .nde Internationale n° 

PCT/FR 98/00328 



Cadre I Observations • lorsqu'il a ete eatime que certaines revendications ne pouvaient pas faire rob jet d'une recherche 
(suite du point 1 de la premiere feuille) 



Conformement a ('article 1 7. 2) a), certaines revendications n'ont pas fait I'objet d'une recherche pour les motifs suivants: 



1. | X | Les revendications n os 

se rapportent a un objet a I egard duquel ('administration n'est pas tenue de proceder a la recherche, a savoir: 

Bien que la revendi cation 18 concerne une methode de traitement du corps 
humain/animal , la recherche a ete effectuee et basee sur les effets imputes 
aux produits. 

2. | | Les revendications n 06 

se rapportent a des parties de ia demande intemationaie qui ne remplissent pas suffisamment les conditions p resent es pour 
qu'une recherche significative puisse etre effectuee, en particulier: 



□ 



Les revendications n os 

sont des revenaications depend antes et ne sont pas red t gee 3 conformement aux dispositions oe la deuxieme et de la 
troisieme phrases de ia regie 6. 4 a). 



Cadre II Observations • lorsqu'il y a absence d'unite de I'invention (suite du point 2 de ia premiere feuille) 



[.'administration chargee de la recherche intemationaie a trouve plusieurs inventions dans ia demande intemationaie, a savoir: 



1 . I I Comme toutes ies taxes additionnelles ont ete payees dans les delais par le deposant, le present rapport de recherche 
l— I intemationaie porte sur toutes les revendications pouvant faire I'objet d'une recherche. 

Comme toutes ies recherches port ant sur les revendications qui s'y pretaient ont pu etre effectuees sans effort particulier 
justifiant une taxe addrtionnelle, ('administration n'a sollicite le paiement d'aucune taxe de cette nature. 



3. I I Comme une partie seulement des taxes additionnelles demandees a ete payee dans les delais par le deposant, le present 

' ' rapport de recherche intemationaie ne porte que sur les revendications pour lesquelles les taxes ont ete payees, a savoir 

les revendications n 00 



4. Aucune taxe addition nelle demandee n'a ete payee dans les delais par le deposant. En consequence, le present rapport 

I — —I de recherche intemationaie ne porte que sur r invention mentionnee en premier lieu dans les revendications; elle est 
couverte par ies revendications n 03 



Remarque quant a la reserve 



| | Les taxes additionnelles etaient accompagnees d'une reserve de la part du deposan 
| | Le paiement des taxes additionnelles n'etait assorti d'aucune reserve. 
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*ATENT COOPERATION TRE/^^, 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 
(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
BET 98/0077 


See Notification of Transmittal of International 
FOR FURTHER ACTION Preliminary Examination Report (Form PCT/IPEA/416) 


International application No. 

PCT/FR98/00328 


International filing date {day /month/year) Priority date {day/month/year) 

19 February 1998 (19.02.1998) 19 February 1997 (19.02.1997) 


International Patent Classification (IPC) or national classification and IPC 
C12N 15/12 


Applicant 

INSTITUT NATIONAL DE LA SANTE ET DE LA RECHERCHE MEDICALE (INSERM) 



1. This international preliminary examination report has been prepared by this International Preliminary Examining 
Authority and is transmitted to the applicant according to Article 36. 



This REPORT consists of a total of 



sheets, including this cover sheet. 



This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 



sheets. 



3. This report contains indications relating to the following items: 
Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 



I 


I2SI 


II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 


□ 


VIII 





Date of submission of the demand 

06 August 1998 (06.08.1998) 


Date of completion of this report 

26 May 1999 (26.05.1999) 


Name and mailing address of the IPEA/EP 
European Patent Office 
D-80298 Munich, Germany 

Facsimile No. 49-89-2399-4465 


Authorized officer 
Telephone No. 49-89-2399-0 



Form PCT/IPEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



fational application No. 

PCT/FR9S700328 



I. Basis of the report 



1 . This report has been drawn on the basis of {Replacement sheets which have been furnished to the receiving Office in response to an invitation 
under Article 14 are referred to in this report as "originally filed" and are not annexed to the report since they do not contain amendments.): 

| [ the international application as originally filed. 

the description, pages *-69 ( as originally filed, 

pages , filed with the demand, 

pages , filed with the letter of . , 

pages , filed with the letter of - 



the claims, 



Nos. 
Nos. 
Nos. 
Nos. 
Nos. 



1-19 



, as originally filed, 

, as amended under Article 19, 

, filed with the demand, 

, filed with the letter of 

, filed with the letter of 



21 April 1999(21.04.1999) 



the drawings, 



sheets/fig 
sheets/fig 
sheets/fig 
sheets/fig 



1/24-24/24 



, as originally filed, 
, filed with the demand, 
, filed with the letter of 
, filed with the letter of 



2. The amendments have resulted in the cancellation of: 

| | the description, pages 

| | the claims, Nos. 



| [ the drawings, sheets/fig 



3 I I This report has been established as if (some of) the amendments had not been made, since they have been considered 
1 — 1 to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)). 



4. Additional observations, if necessary: 



Form PCT/IPEA/409 (Box I) (January 1994) 
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I^^Btional application No. 


INTERNATIONAL PRELH 


Pary examination report 


^WfR 98/00328 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1 . Statement 

Novelty (N) Claims 

Claims 

Inventive step (IS) Claims 

Claims 

Industrial applicability (IA) Claims 

Claims 

2. Citations and explanations 

1. In the drawing up of this report, the priority 
documents were not available to the examiner. The 
report has therefore been drawn up on the assumption 
that the right to priority is valid. 

2. The application discloses a family of proteins 
called ULIP. The presence of antibodies recognizing 
these proteins appears to be correlated with certain 
paraneoplastic neurological syndromes and certain 
cancers. The claims relate to the ULIP proteins and 
to the nucleotide sequences coding them, to 
antibodies recognizing these proteins and to various 
uses . 

3.1 Novelty (PCT Article 33(2)) 

The polypeptides of Seq. ID Nos. 2, 4, 6 and 8 as 
claimed, together with the nucleic acid sequences 
coding for said polypeptides, have not been 
described in the prior art. Consequently, Claims 1 
to 7, 9 and 10 are novel. 

Antibodies detecting the protein POP-66, and which 
can be used for diagnosing paraneoplastic 

Form PCT/IPEA/409 (BoxV) (January 1994) 



1-7, 9, 10, 13-19 YES 

8, 11, 12 no 

1-7, 9, 10, 13-15, 17 yes 

8, 11, 12, 16, 18, 19 NO 



NO 



INTERNATIONAL PREL 



ARY EXAMINATION REPORT 



It^^Eonal application No. 

P^^FR 98/00328 



neurological syndromes, have been described in 
Honnorat et al., 1996 (cited in the international 
search report) . These antibodies appear to have been 
"obtained" from the protein POP-66. Claim 8 and, 
since the protein POP-66 forms part of the ULIP 
family, Claims 11 and 12 are therefore considered to 
lack novelty. 

The uses described in Claims 14 to 19 have not been 
described in the prior art and are therefore novel. 

Inventive step (PCT Article 33(3)) 

Honnorat et al., 1996 (cited in the international 
search report), have described antibodies isolated 
from the serum of patients with a paraneoplastic 
neurological syndrome. These antibodies are capable 
of recognizing an antigen combined with particular 
brain cells. The present application differs from 
this document by the disclosure of the isolation and 
cloning of the protein recognized by said 
antibodies. The technical problem to be solved by 
the application can therefore formulated as that of 
isolating this protein. Since direct cloning from a 
DNA bank of the human brain was not possible (see 
p. 22, lines 21 to 24), a person skilled in the art 
would not have arrived at the claimed sequences in 
an obvious manner. Claims 1 to 7, 9, 10, 14, 15 and 
17 are therefore considered to be inventive. 

Several proteins from the family of proteins called 
ULIP and their role in the development of the 
nervous system have been described (see the 
documents cited in the international search report) . 
Their use in the treatment of neurological 
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INTERNATIONAL PRELlMKARY EXAMINATION REPORT 



It^^Efonal application No! 

P^^FR 98/00328 



infections therefore appears to have been obvious to 
a person skilled in the art. Consequently, Claims 
16, 18 and 19 are considered not to involve an 
inventive step . 



Form PCT/IPEA/409 (Box V) (January 1994) 



INTERNATIONAL PRELUBTARY EXAMINATION REPORT 



ai application No. 

"R 98/00328 



VIII. Certain observations on the international application 



The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully 
supported by the description, are made: 

4.1 The scope of Claim 10 is unclear. In the absence of 
defined functions, the phrase "biologically active" 
has no technical meaning . 
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V 



TRAITE DE 



OPERATION EN M ATI ERE 

PCT 



[REVETS 



RAPPORT D'EXAMEN PRELIMINAIRE INT ER l WlO l fjfiT - 

(article 36 et regie 70 du PCT) /} 



Reference du dossier du deposant ou du 
mandataire 

BET 98/0077 


voir la notification de transmission du rapport d'examen 
POUR SUITE A DONNER preliminaire international (formulaire PCT/IPEA/416) 


Demande internationale n° 
PCT/FR98/00328 


Date du depot international Qour/mois/ann6e) 
19/02/1998 


Date de priorite (jour/mois/ann6e) 
19/02/1997 


Classification internationale das brevets (CIB) ou a ta fois classification nationale et CIB 
C12N15/12 


Deposant 

INSTITUT NATIONAL DE LA SANTE ET DE ... et al. 



1 . Le present rapport d'examen preliminaire international, etabli par I'administaration chargee de I'examen preliminaire 
international, est transmis au deposant conformement a I'article 36. 

2. Ce RAPPORT comprend 5 feuilles, y compris la presente feuille de couverture. 

S II est accompagne d'ANNEXES, c'est-a-dire de feuilles de la description, des revendications ou des dessins qui ont 
ete modifiees et qui servent de base au present rapport ou de feuilles contenant des rectifications faites aupres de 
Padministration chargee de I'examen preliminaire international (voir la regie 70.16 et I'instruction 607 des Instructions 
administratives du PCT). 

Ces annexes comprennent 4 feuilles. 



3. Le present rapport contient des indications relatives aux points suivants: 
I H Base du rapport 



d'application industrielle 
Absence d'unite de I'invention 

Declaration motivee selon I'article 35(2) quant a la nouveaute, I'activite inventive et la possibilite 
d'application industrielle; citations et explications a I'appui de cette declaration 

Certains documents cites 

Irregularis dans la demande internationale 

Observations relatives a la demande internationale 



II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 


□ 


VIII 





Date de presentation de la demande d'examen preliminaire 
Internationale 

06/08/1998 



Date d'achevement du present rapport 



Norn et adresse postale de ('administration chargee de 
i'examen preliminaire international: 
Office europeen des brevets 

D-80298 Munich 
161 (+49-89) 2399-0 Tx: 523656 epmu d 

Fax: (+49-89) 2399-4465 



Fonctionnaire autortse 
Stolz, B 

N° de telephone (+49-89) 2399 8416 



Formulaire PCT/IPEA/409 (feuille de couverture) (janvier 1994) 



RAPPORT D'EXAMEN 

PRELIMINAIRE INTERNATIONAL Demande intemationale n° PCT/FR98/00328 

I. Base du rapport 

1 . Ce rapport a ete redige sur la base des elements ci-apres {les feuilles de remplacement qui ont ete remises a 
I'office recepteur en reponse a une invitation /a/Ye conformement a I'article 14 sont considers, dans le present 
rapport, comme "initialement deposees" et ne sont pas jointes en annexe au rapport puisqu'elles ne contiennent 
pas de modifications.) : 

Description, pages: 

1-69 version initiale 

Revendications, N°: 

<i_ 19 regue(s)le ^ 21/04/1999 avec lettre du 21/04/1999 

Dessins, feuilles: 

1/24-24/24 version initiale 

2. Les modifications ont entraine Tannulation : 

□ de la description, pages : 

□ des revendications, n os : 

□ des dessins, feuilles : 

3. □ Le present rapport a ete formule abstraction faite (de certaines) des modifications, qui ont 6X6 considerees 

comme allant au-del& de I'expose de ('invention tel qu'il a 6X6 depose, comme il est indiqu£ ci-apres 
(regie 70.2(c)) : 

4. Observations complementaires, le cas 6cheant : 
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RAPPORT D'EXAMEN 

PRELIMINAIRE INTERNATIONAL Demande Internationale n° PCT/FR98/00328 



V. Declaration motivee selon I'article 35(2) quant a la nouveaute, I'activite inventive et la possibility 
d'application industrielle; citations et explications a I'appui de cette declaration 

1. Declaration 

Nouveaute Oui : Revendications 1-7, 9, 10, 13-19 

Non : Revendications 8, 11, 12 

Activite inventive Oui : Revendications 1-7, 9, 10, 13-15, 17 

Non : Revendications 8, 11, 12, 16, 18, 19 

Possibility d'application industrielle Oui: Revendications 1-19 

Non : Revendications 



2. Citatiui iS et expiiuatiui is> 

voir feuille separee 



VIII. Observations relatives a la demande inter nationale 

Les observations suivantes sont faites au sujet de la clarte des revendications, de la description et des dessins 
et de la question de savoir si les revendications se fondent entierement sur la description : 

voir feuille separee 



Formulaire PCT/IPEA/409 (cadres I- VIII, feuitle 2) (janvier 1994) 



RAPPORT D'EXAMEN Demande intemationale n° PCT/FR98/00328 
PRELIMINAIRE INTERNATIONAL - FEUILLE SEPAREE 

1. Lors de I'etablissement cle ce rapport, les documents de priorite n'etaient pas a la 
disposition de I'examinateur. Ce rapport a ete etabli en supposant un droit de 
priorite valable. 

2. La demande divulgue une famille de proteines, denommees ULIP. La presence 
d'anticorps reconnaissant ces proteines semble etre correlee avec certains 
syndromes neurologiques paraneoplasiques et certains cancers. Les 
revendications se rapportent aux proteines ULIP et aux sequences nucleotidiques 
codant celles-ci, a des anticorps reconnaissant ces proteines et a des utilisations 
di verses. 

3. Declaration motivee 

3.1. Nouveaute (art. 33(2) PCT) 

Les polypeptides de Seq. ID nos. 2, 4, 6, et 8 tels que revendiques ainsi que les 
sequences d'acides nucleiques codant pour lesdits polypeptides n'ont pas ete 
decrits dans Tart anterieur. Par consequent, les revendications 1 a 7, 9 et 10 sont 
nouvelles. 

Des anticorps detectant la proteine POP-66, et utilisables pour le diagnostique de 
syndromes neurologiques paraneoplastiques ont ete decrits dans Honnorat et al., 
1996 (cite dans le RRI). II semble que ces anticorps soient "obtenus" a partir de la 
proteine POP-66. La revendication 8, et parce que la proteine POP-66 fait partie 
de la famille ULIP, les revendications 1 1 et 12 sont done considerees comme 
manquant de nouveaute. 

Les utilisations selon les revendications 14 a 19 n'ont pas ete decrites dans Tart 
anterieur et sont done nouvelles. 

3.2. Activite inventive (art. 33(3) PCT) 

Honnorat et al., 1996 (cite dans le RRI) ont decrit des anticorps isoles du serum 
de patients avec un syndrome neurologique paraneoplasique. Ces anticorps sont 
capables de reconnaTtre un antigene associe avec des cellules particulieres du 



Formulaire PCT/Feuille s6par6e/409 (feuille 1) (OEB-avril 1997) 




RAPPORT D'EXAMEN Demande Internationale n° PCT/FR98/00328 

PRELIMINAIRE INTERNATIONAL - FEUILLE SEPAREE 



cerveau. La presente demande se distingue de ce document par la divulgation de 
Pisolement et le clonage de la proteine reconnue par lesdits anticorps. Le 
probleme technique que se propose de resoudre la demande peut done etre 
formule comme I'isolement de cette proteine. Comme le clonage direct a partir 
d'une banque d'ADN de cerveau humain n'etait pas possible (voir p. 22, lignes 21- 
24), rhomme du metier ne serait pas arrive aux sequences revendiquees d'une 
maniere evidente. Les revendications 1 a 7, 9, 10, 14, 15 et 17 sont done 
considerees comme inventives. 

Plusieurs proteines de la famille de proteines denommees ULIP et leur role dans 
le developpement du systeme nerveux ont ete decrits (voir les documents cites 
dans le RRI). II semble done que leur utilisation dans le traitement defections 
neurologiques etait evident pour rhomme du metier. Par consequent, les 
revendications 16, 18 et 19 sont considerees comme manquant d'activite 
inventive. 

4. Observations relatives a la demande internationale 

4.1. La portee de la revendication 10 n'est pas claire. En I'absence de fonctions 
definis, le terme "biologiquement actif" n'a aucune signification technique. 



Formulaire PCT/Feuilie s6par6e/409 (feuilie 2) (OEB-avril 1997) 



REV EN p IC A T JON S 

1. Polypeptide purific comprenant une sequence d'acides. 
.s amines choisio parmi Sl'-Q ID n° 2, n° 4, n° 6 el n° 8. 

2. Polypeptide purific scion la revendication 1 comprenant 
la sequence d'acides amines Sl:Q ID n° 8, lodil polypeptide etant d6signe 
par « POP-66 ». 

3. Acide nuclfiolidique isolc comprenant une sequence 
io codant pour un polypeptide de sequence d'acides amines StQ II) n c ?, 

nM, n°6ou n° U. 

A. Acide nucloique selon la revendication 3, comprenant une 
sequence choisie parmi SEQ ID n" 1, n* 3, n° 5 ou n° 7, codanl 
respectivemenl pour un polypeptide do sequence d'acides amines SEQ 
\$ ID n° 2, n°< n° 6 ou n* 0. 

5. Acide nucleique selon la revendication A, comprenant la 
sequence nucleotidiquo SEQ ID ri* 7 codanl pour un polypeptide scion la 
revendication 2. 

6. Vecleur do clonage ot/ou depression contenant une 
?a) sequence d'acides nucl6iquos selon Tune des revendications 3 a &. 

7. Cellule hote transferee par un vecteur selon la 
revendication 6. 

8. Anlicorps mono- ou ' polyclonaux obtenus a partir dun 
polypeptide selon I'un© des revendications 1 ot ?, ainsi que los fragments, 

?"5 los antlcorps chimcriques ou les immunoconjugues dcsdils anlicorps 
mono- ou polyclonaux. 
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9, Composition utile pour le diagnostic dos syndromes 
ncuroiogiques paraneoplasiques et/ou pour le diagnostic pr6coco de la 
■ formation des tumours, caracterisoo on cc qu'eile comprend un 
polypeptide purifie POI '-6G, selon la revendication 2. 
s 10. Utilisation d'un polypeptide purifie POP 66 selon la 

revendication 2, derive ou fragment polypeplidique biologiquement actif 
de POP-66 ou d'un acide rtucl6rquo selon la revendication 5 pour dotccter 
la presence d'anticorps anti-CV? dans un echantilion biologique. 

11. Utilisation d'anticorps mono- ou polyclonaux du leurs 
m fragments, anticorps chimferiques ou immunoconjugues scion la 

revendication 8. pour la purification ou la detection d'une proleino UUP 
correspondante dans un echantilion biologique. 

12. Utilisation d'anticorps diriges centre, uno proteine de la 
famille UUP pour la mise en evidence d'une proteine UUP dans dos 

1 5 neoplasmes et les syndromos ncuroiogiques paraneoplasiques, a des 
fins dc diagnostic. 

13. Utilisation selon la revendication 12. les anticorps etant 
des anticorps monocionaux obtenus a partir du serum polyclonal ahli-CV2 
de patients. 

?0 14. Melfiode pour le diagnostic des syndromes 

neurologiques paraneoplasiques el/ou pour le diagnostic prococc de la 
formation des tumours cancbreuses, caracterisee en ce quo Ton met en. 
, evidence dans un echantilion dc sang preleve chez un individu des auto- 
anticorps dirig6s contre uno proteine POP-66 par 
? * - la misa en contact un echantilion de sang preleve cha? un 

^ individu avec un polypeptide purifie (POP-66) selon la revendication 2, 
derive ou fragment polypeplidique biologiquoment actif de POP-66, 
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ieventuellement fixe sur un support dans des conditions permetlant la 
formation de complexes immunologiques speciftqucs; ontro Icdii 
polypeptide et les auuvanticorps eventuellemont presents dans 
I'echantillon de sang, ot 
■ $ - la detection des complexes immunologiques sp6citiques 

eventuellement formes. 

15. Kit pour ie diagnostic; des syndromes neurologiquos 
. paran6oplasiques et pour le diagnostic prccoce de ta formation des 

tumours £ partir d'un prolovoment biolocjiquc coiTiprensni \ 
jo - au moins un polypeptide purifie POP-66, scion id 

revendication 2 derive ou fragment polypeptidique biologiquemenl actif do 

POP-66. Eventuellement fixe sur un support, 

- des moyens de revelation de la formation do complexes 

antigene/anticorps specifiques ontro un auto-anticorps antkPOP-66 et 
\? ledit polypeptide purifi6 POP-66, derive ou fragment polypeptidique ct/ou 

des moyens de quantification de cos complexes. 

16. Composition pharmaceutique, comprenant au moins unc 
proteine purifi6c dc la famille UUP, fragment polypeptidique ou derive 
biologiquemcnt actif de celle-ci, uho sequence ou fragment do s6qucncc 

2u . nucl6otidiquo codant pour ladite proteine, une s6quence anti-sens 
capable de s'hybrider spfecifiqucment avec une sequence nucl6oiidiquc 
codant pour ladite proteine, ou un anticorps dirige centre ladite prot6ine, 
associee a un v6hicule pi lariTiaceutiquernent acceptable. 

17. Composition pharmaceutique scion' la revendication 15, 
25 comprenant au moins un polypeptide purifie POP-66 selon la 

revendication ?, fragment polypeptidique ou deriv6 biologiquemeni actif 
de celui-ci, une sequence ou fragment de sequence nuclcolidique codant 
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pour ledil polypeptide, unc sequence anti-sens capable de s'hybrider 
specifiquement avec une sequence nucl6otidiquc codant pour ledit 
polypeptide, ou un anticorps dirigb centre ledil polypeptide, assdciG a un 
vehicule pharmaceutiquemenl acceptable. 

18. Utilisation d'une protoinc purifiee do la famille UI.IP. 
fragment polypeptidique ou deriv6 biologiquerncnt actif dc celle-ci, uno 
s6quence ou fragment de sequence nucleoiidique codant pour laditc 
proteine, une sequence anti-sons capable de s'hybrider specifiquement 
avee une sequence nucleoiidique codant pour ladite proteine, ou un 
anticorps dirig6 contre ladite proline, pour la fabrication dun 
medicament destinb a traiter Ids maladies neurodegeneratives et les 
n6oplasmcs. 

19. Methodo de traitemont des maladies neurodegeneratives 
ot des n6oplasmos comprenant I'administraiion a un sujcl necessitant un 
tel traitement d'une qusntile therapouitquement efficacc o'uno proteine 
purifiee do la famille ULIP, fragment polypeptidique ou derive 
biologiquement actif de cello-ci, une sequence ou fragment de sequence 
nucleoiidique codant pour ladite proteine, une sequence anti-sens 
capable de s'hybrider spedfiquement avec une sequence nucleoiidique 
codant pour ladite prolines, ou un anticorps dirige contre ladite proline, 
associ6e & un vehicule pharmaceutiquemenl acceptable. 
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XP-002069773 

ID O08553 PRELIMINARY; PRT ; 572 AA. 

AC 008553 ; 

DT 01-JUL-1997 (TREMBLREL. 04, CREATED) 

DT 01-JUL-1997 (TREMBLREL. 04, LAST SEQUENCE UPDATE) 

DT 01-JUL-1997 (TREMBLREL. 04, LAST ANNOTATION UPDATE) 

DE ULIP2 PROTEIN. 

GN ULIP2 GENE. 

OS MUS MUSCULUS (MOUSE). 

OC EUKARYOTA; METAZOA ; CHORDATA; VERTEBRATA; TETRAPODA; MAMMALIA; 

OC EUTHERIA; RODENTIA. 

RN [ 1 ] 

RP SEQUENCE FROM N.A. 

RC STRAIN=ICR OUTBRED STRAIN; TISSUE=BRAIN ; 

RA BYK T., OZON S., SOBEL A.; 

RL SUBMITTED (MAR-1997) TO EMBL/GENBANK/DDBJ DATA BANKS. 

DR EMBL; Y10339; E298624; -. 

SQ SEQUENCE 572 AA; 62170 MW; 76E42D57 CRC32; 



OOS 5 5 3 




1998 10:22 


Type : P 


Check: 1939 


1 


MSYQGKKNIP 


PITSDRLLIK 


GGKIVNDDQS 


FYADI YMEDG 


LIKQIGENLI 


51 


VPGGVKTIEA 


HSRMVIPGGI 


DVHTRFQMPD 


QGMTSADDFF 


QGTKAALAGG 


101 


TTMIIDHWP 


EPGTSLLAAF 


DQWREWADSK 


SCCDYSLHVD 


ITEWHKGIQE 


151 


EMEALVKDHG 


VNSFLVYMAF 


KDRFQLTDSQ 


IYEVLSVIRD 


IGAIAQVHAE 


201 


NGDIIAEAQQ 


RILDLGITGP 


EGHVLSRPEE 


VEAEAVNRSI 


TIANQTNCPL 


251 


YVTKVMPKSA 


AEVIAQARKK 


GTWYGEPIT 


ASLGTDGSHY 


WSKNWAKAAA 


301 


FVTSPPLSPD 


PTTPDFLNSL 


LSCGDLQVTG 


SAHCTFNTAQ 


KAVGKDNFTL 


351 


IPEGTNGTEE 


RMSVIWDKAV 


VTGKMDENQF 


VAVTSTNAAK 


VFNLYPRKGR 


401 


ISVGSDADLV 


IWDPDSVKTI 


SAKTHNSALE 


YNIFEGMECR 


GSPLWISQG 


451 


KIVLEDGTLH 


VTEGSGRYIP 


RKPFPDFVYK 


RIKARSRLAE 


LRGVPRGLYD 


501 


GPVCEVSVTP 


KTVTPASSAK 


TSPAKQQAPP 


VRNLHQSGFS 


LSGAQIDDNI 



551 PRRTTQRIVA PPGGRANITS LG 



XP 002045124 ^ 

CD HS901245 standard; RNA; EST; 281 BP. 
<X 

\C H85901; 
<X 

vfl g!067480 
KX 

DT 22-NOV-1995 (Rel. 45, Created) 

0T 22-NOV-1995 (Rel. 45, Last updated, Version 1) 
XX 

QE ys95a03.rl Homo sapiens cDNA clone 222508 5'. 
XX 

KW EST . 
XX 

OS Homo sapiens (human) 

OC Eukaryotae; mitochondrial eukaryotes; Metazoa; Chorda ta; 

OC Vertebrata; Eutheria; Primates; Catarrhini; Hominidae; Homo. 

XX 

RN [1] 

RP 1-281 

RA Hillier L., Clark N. , Dubuque T. , Elliston K. , Hawkins M. , 

RA Holman M. , Hultman M. , Kucaba T. , Le M. , Lennon G. , Marra M. , 

RA Parsons J., Rifkin X. . , Roftlflng T., Soares M. , Tan P., 

RA Trevaskis E. , Waterston R. , Williamson A., Wohldmann P., Wilson R.; 

RT "The WashU-Merck EST Project"; 

RL Unpubl ished . 

XX 

CC Contact: Wilson RK WashU-Merck EST Project Washington University 

CC School of Medicine 4444 Forest Park Parkway , Box 8501, St. Louis, 

CC MO 63108 Tel: 314 286 1800 Fax: 314 286 1810 Email: 

CC est§watson . wustl . edu High quality sequence stops: 161 Source: IMAGE 

CC Consortium, LLNL This clone is available royalty-free through LLNL 

CC ; contact the IMAGE Consortium (info@image.llnl.gov) for further 

CC information. NCBI gi: 1067480 
XX 

FH Key Location/Qualifiers 
FH 




FT source 1. .281 

FT /organism="Homo sapiens" 

FT /clone=" 2 2 2508 " 

FT /note=" human" 

FT mRNA <1. .>281 

XX 



SQ Sequence 281 BP; 57 A; 84 C; 77 G; 55 T; 8 other; 



Hs901245 Length: 281 October 30, 1997 09:31 Type: N Check: 4124 

1 TCCCNGCTCA CGCGTCCGCC CGCCCGCCCC CGCTTGTGCC GCCCCTACCA 

51 GAGACCCNCA GGAGCAGGAT GTCCTTCCAG GGCAAGAAAA GCATCCNCCG 

101 GATCACGAGT GACCGCCTTC TGATCAGAGG TGGGAGGATC GTGAATGACG 

151 ACCAGTCCTT TTACGCTGAT GTGCACGTHG AAGATGGCTT GATAAAACAA 



201 ATNGGAGANA ACCTCATCGT CCCTGGGGGH ATCTAGACCA TTGACGCCCA 



251 



AGGCCTGGTG GTCCTTTCTN GGTGGCGTTG T 



XP 002045122 




676.9 



'c^T^A^^v -^^n^^^^ ^^"^'^ FAMILY. RELATED TO THERMAL 
GUIDANCE. ASSOCIATED UNC-33 PROTEIN TRyJ^T OW r ™ NAL 
D i ^dA Srrhff . rNSERM U440 and C r,ft ,r nf r fc 

We have recently described a novel phosphoprotein preferentially exoressed in rh. 

glance ^Jf^^Z^^V^ ^ 

PCI 2 cells i< J" e ' e ^ anr - Phosphorylation pattern of Ulio in 

exni^ „ n. 8 , UP ° n ' ndUCtl0n ° f neuronal differentiation with NGF It is 

conservat-on; U.ip4 and Uli p 5 displaying -50% iZZ t £ u,? p ? !f 
phyiogenetic conservation of this family is emDha^d' hv rh. T r P 
several -UJip- sequcnces wmn ^ fec J y :S£T1X not" ^ 

The Ul.p express.on patterns durine d««ri««m«,, ° "~ e<,uence - 

displayed distinct reflation Uliol is ** nna ^ Z . "™ wl " ""rerent.ation 

^^nc »„ Ulic| .» hith w „ „ IO <,^r;:^ ^ 2 ^r m - 

This expression analysis suggests that each nf i ir ♦ niuscie. 
specific b,o,ogicalro le . U^yZ Z^^ZfZZ^ ^ * 
Supported by INSERM, AFM, FE8S. ARC. FNCLCC outgrowth. 



676.11 



n><* w (KTi ,s an enzvme that catalyzes polysiaiic acid 

for n ^ h 65 ' 5 , 0 " " eUral adheSi0n molecu,e ( N CAM), wKs ritkal 
for neural development and plasticity. -Based on the cDNA sequences of 
gently cloned hamster, mouse, and human PSTs 7*at are TL? 

SlSi SSna in tnl T Pr ° beS f ° r StUdyi "S «P««ion of the 
NorTern V dUnng devel °P™nt and adulthood. By 

ba£o7 5 Kh* T? 3,1 ol, 8° nucleotid « P™be, we observed a prominent 
hi?, h bram tlSSue which is Ascent with recently reoorted 

teEST. ? °" neuroe P i,heli «™. "rebellar neurocpithclium and baS 
^lencepha on. At postnatal stages, PST mRNA was detected in ™ y bSn 

ceSe. m InlduTT"" ' hippOCam P us > «°- ^alamic nude , id 

o S L cerebri con^T 310 " ° f ?ST mRNA W3S ° bserved in 
SU ooI„^ t' cereoraJ conex . hippocampus, and cerebellum The results 

"•S^^DtiTta^ir m0fe wides P fead distribution in the rat 
(S-pponS by'me FRSqT ^ "P^ 0 " pa " ern ° f p SA-NCAM. 
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ID 
AC 



O08554 
O08554 ; 



PRELI? 



i" 



r ARY ; 



PRT; 



572 AA - 



i p- 




DT 01-JUL-1997 (TREMBLREL. 04, CREATED) 

DT 01-JUL-1997 (TREMBLREL. 04, LAST SEQUENCE UPDATE) — 

DT 01-JUL-1997 ( TREMBLREL . 04, LAST ANNOTATION UPDATE) 

DE ULIP3 PROTEIN. 

GN ULIP3. 

OS MUS MUSCULUS (MOUSE). 

OC EUKARYOTA; METAZOA ; CHORDATA ; VERTEBRATA; TETRAPODA; MAMMALIA; 

OC EUTHERIA; RODENTI A . 

RN [1] 

RP SEQUENCE FROM N.A. 

RC STRAIN=ICR OUTBRED STRAIN; TISSUE=BRAIN ; 

RA BYK T., OZON S., SOBEL A.; 

RL SUBMITTED (MAR-1997) TO EMBL/GENBANK/DDBJ DATA BANKS. 

DR EMBL; Y09080; E298585; -. 

SQ SEQUENCE 572 AA ; 62180 MW ; A5063783 CRC32; 

O08554 Length: 572 June 24, 1998 12:05 Type: P Check: 486 



1 


MSHQGKKSIP 


HITSDRLLIR 


GGRIINDDQS 


FYADVYLEDG 


LIKQIGENLI 


51 


VPGGVKTI EA 


NGRMVIPGGI 


DVNTYLQKPS 


QGMTSADDFF 


QGTKAALAGG 


101 


TTMIIDHWP 


EPGSSLLTSF 


EKWHEAADTK 


SCCDYSLHVD 


ITSWYDGVRE 


151 


ELEVLVQDKG 


VNSFQVYMAY 


KDLYQMSDSQ 


LYEAFTFLKG 


LGAVILVHAE 


201 


NGDLIAQEQK 


RILEMGITGP 


EGHALSRPEE 


LEAEAVFRAI 


AIAGRINCPV 


251 


YITKVMSKSA 


ADIIALARKK 


GPLVFGEPIA 


ASLGTDGTHY 


WSKNWAKAAA 


301 


FVTSPPLSPD 


PTTPDYLTSL 


LACGDLQVTG 


SGHCPYSIAQ 


KAVGKDNFTL 


351 


IPEGVNGIEE 


RMTWWDKAV 


ATGKMDENQF 


VAVTSTNAAK 


IFNLYPRKGR 


401 


I AVGSDADW 


IWDPDKMKTI 


TAKSHKSTVE 


YNIFEGMECH 


GSPLWISQG 


451 


KIVFEDGNIS 


VSKGMGRFIP 


RKPFPEHLYQ 


RVRIRSKVFG 


LHSVSRGMYD 


501 


GPVYEVPATP 


KHAAPAPSAE 


SSPSKHQPPP 


IRNLHQSNFS 


LSGAQIDDNN 


551 


PRRTGHRIVA 


PPGGRSNITS 


LG 
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ID 008886 PRELIMINARY; PRT ; 572 AA . 

AC O08886; 

DT 01-JUL-1997 (TREMBLREL. 04 

DT 01-JUL-199 7 (TREMBLREL. 0 4 

DT 01-JUL-1997 (TREMBLREL. 04 

DE ULIP4 PROTEIN. 

GN ULIP4. 

OS MUS MUSCULUS (MOUSE). 

OC EUKARYOTA; METAZOA; CHORDATA; 

OC EUTHERIA; RODENTIA. 

RN [1] 

RP SEQUENCE FROM N.A. 

RC STRAIN=ICR OUTBRED STRAIN; TISSUE=BRAIN ; 

RA BYK T., OZON S., SOBEL A.; 

RL SUBMITTED (MAR-1997) TO EMBL/GENBANK/DDBJ 

DR EMBL; Y09079; E312892; 

SQ SEQUENCE 572 AA; 61856 MW ; 11345515 CRC32 




CREATED) 

LAST SEQUENCE UPDATE) 
LAST ANNOTATION UPDATE) 



VERTEBRATA; TETRAPODA; MAMMALIA; 



DATA BANKS. 



O08886 Length: 572 . June 30, 1998 09:51 Type: P Check: 6564 



1 MSFQGKKSIP RITSDRLLIK GGKIVNDDQS FHADLYVEDG LIKQIGENLI 

51 VPGGIKTIDA HGLMVLPGGV DVHTRLQMPV MGMTPADDFC QGTKAALAGG 

101 TTMILDHVFP DAGVSLLAAY EQWRDGADSA ACCDYSLHVD IPRWHESTKE 

151 ELEALVRDKG VNSFLVFMAY KDRCQCTDGQ IYEIFSLIRD LGAVAQVHAE 

201 NGDIVEEEQK RLLEQGITGP EGHVLSHPEE VEAEAVYRAV TIAKQANCPL 

2 51 YVTKVMSKGA ADMVAQAKRR GVWFGEPIT ASLGTDGSHY WSKNWAKAAA 

301 FVTSPPINPD PTTADHLTSL LSSGDLQVTG SAHCTFTTAQ KAVGKDNFTL 

351 IPEWNGIEE RMSWWEKCV ASGKMDENEF VAVTSTNAAK IFNFYPRKGR 

401 VAVGSDADLV IWNPRATKVI SAKSHNLNVE YNIFEGVECR GVPTWISQG 

4 51 RWLEDGNLL VTPGAGRFIP RKTFPDFVYK RIKARNRLAE IHGVPRGLYD 

501 GPVHEVMLPA KPGSGTQARA SCSGKISVPP VRNLHQSGFS LSGSQADDHI 



551 



ARRTAQKIMA PPGGRSNITS LS 



p.d /.Q..-.3S: 

p. to.-.ii^=( v /Q> 
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TOAD-64, a Gene Expressed jEarly in Neuronal Differentiation in the 
Rat, Is Related to unc-33, a C; etegans Gene Involved in Axon 
Outgrowth 



Jane E. Minturn, Hugh J. L. Fryer, Daniel H. Gieschwlnd, 8 and Susan Hockfleld 

Section of Neurobiology, Yale University School of Medicine, New Haven, Connecticut 06510 



Using two-dimensional gef electrophoresis we previously 
identified membrane-associated proteins that are lupregu- 
lated oyer the course of neurogenesis. Qne oif these, 
TOAD-64 (Turned On After Division, 64 kOa), is expressed 
Immediately after neuronal birth and is dramatically down- 
regulated in the adult. Tlie gene encoding TOAIM4 has 
now been cloned, and Its sequence §hows homology to the 
unc-33 gene from C. elegans, mutations in whicn lead to 
aberrations in axon outgrowth. Northern and in situ hybrid- 
ization show that TOAD-64 mRNA is enriched inj tne ner- 
vous system and is developmental^ regulated in parallel 
with the protein. The expression of the TOAD-64" protein 
and gene coincident with initial neuronal differentiation and 
the downregulation when the majority of axon growth is 
complete suggests a role in axon elaboration. Tnree addi- 
tional lines of evidence support this possibility:! TOAD-64 
is upregulated. following neuronal induction otj P19 and 
PC12 cells; the protein is found In la me HI podia and filo- 
podla of growth cones; and axotomy of the sciatic nerve 
induces reexpression. While the sequence off TOAD-64 
lacks a signal sequence and therefore is likely to encode 
a cytoplasmic protein, biochemical experiments; demon- 
strate that the protein is tightly, but noncovalenUy, asso- 
ciated with membranes. The data presented here; suggest 
that TOAD-64 could be a central element in the machinery 
underlying axonal outgrowth and pathfinding, ■ perhaps 
playing a role in the signal transduction processes that 
permit growing axons to choose correct routes aVid targets. 

[Key words: growth cone, axonogenesis, membrane pro- 
tein, axon outgrowth, regeneration, unc-33, differentiation, 
axon, development] j 

As the brain develops, a population of mitotically active pro- 
genitor cells gives rise to postmitotic cells that assume the prop- 
erties of neurons or glia. Postmitotic neurons elaborate processes 
that are involved in the migration of neurons to their adult po- 
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sitions as well as the elaboration of axonal and dendritic arbors. 
To identify proteins that participate in early functions of devel- 

Oni n P n^nmn<; wr* nrr i/mi » c I w iica^ ,Mi'A.HimAiii> ><>n n I ~ ~ I — I . — 

r - - o ♦ ■ - f- — - • wj-ww i"u-\jiuivujiviiai S^ 1 ^-'t'V.UU- 

phoresis to compare membrane associated proteins expressed by 
progenitor cells to those expressed by postmitotic neurons 
(Geschwind and Hockfield, 1989). We compared membrane 
preparations from the rat neocortex at embryonic day 14 (El 4), 
when the neocortex contains largely progenitor cells, to mem- 
brane preparations from the cortex at E2I. when the neocortex 
contains the mature complement of neurons. Ten proteins that 
are upregulated greater than threefold between E14 and E20 
were identified. One of these. TOAD-64 (Turned On After Di~ 
vision. 64 kDa, initially labeled protein 310) was selected for 
further study. By two-dimensional gel analysis, TOAD-64 was 
upregulated sevenfold between E14 and E2I, appeared to be 
enriched in brain, and represented approximately 0.1% of total 
protein at E2I. 

Antisera raised to synthetic peptides based on amino acid se- 
quence of TOAD-64 permitted a more detailed analysis of the 
regulation and distribution of TOAD-64 (Minturn et al, 1995) 
As predicted from the original design of the two-dimensional 
gel study, TOAD-64 is expressed by neurons and not by pro- 
genitor cells. It is among the earliest known proteins expressed 
by postmitotic neurons. The protein is dramatically downregu- 
lated during the second postnatal week to an almost undetectable 
level in the adult. The neural specificity and timing of expression 
suggested that TOAD-64 might play a role in axonogenesis or 
neuronal migration. 

Here we report the full length sequence of a cDNA encoding 
TOAD-64 and show the pattern of expression of its mRNA. in 
situ and in rwo cell lines. TOAD-64 is homologous to the C 
eiegans unc-33 gene, mutations in which lead to aberrant pat- 
terns of axon outgrowth (Hedgecock et aL. 1985; Li et al.. 1992). 
Consistent with a role in axon outgrowth in the mammalian ner- 
vous system, the TOAD-64 gene is expressed early in neuronal 
differentiation and is downregulated in the adult. It is reexpres- 
sed in the adult during sciatic nerve regeneration. These data, 
together with the regulation of expression in parallel with the 
neurogenesis in PC 1 2 and PI 9 cells, and the localization of the 
TOAD-64 protein to growth cones, indicate that TOAD-64 may 
be a component of the intracellular machinery by which growing 
neurons elaborate axons. 

Materials and Methods 

PCR amplification. Degenerate DNA oligomer primers were designed 
based on peptide sequences obtained from microsequenctng of purified 
TOAD-64 protein. The only primer combination that resulted in a single 
major PCR product was 5 -GA(C/n(OT}TIGT(G/T/C)AT(A/C/r)TG 



m Mintum - • TOAO-64. a Mammal Homo.00 of C. ' 

ACIGG(A/CAj/T)C a aA ^ „ t A ,i| A RN A isolated from post- 
er) First strand cDNA. prepared usmg ^ as a , emp i ate 
natal day 5 (P5) rat cortex and -Vc 1 min; 49°C. 2 
TpCR The PGR con^ons w C « « WUo* ^ ana)yMa b ^ 
min; 72«C. 2 mm: for 35 cycles JPCR ^ ^ ^ r ^ was 
rose gel elec^res.s and a major b ^ ^ (lnvitro6 e„). The 
isolated and doned into the ™ ^ 0 " g M13 and ^ prirr^ sites, 
insert was sequenced using the »~' or " ^ , 8 (E , 8 ) rat brain h- 
o/cWA ^gj^gSZTiZ salk Institute) in the 
bra ry (j^rt^ on £«* (strain BB4) at a density* 
vector lambda ^ ZaaSuM clones screened according 
40,000 phage per 150 mm plat^ana . nitrocellulose 

io standard techniques ?. ^ hr ,' n 6 x SSC (IX = 0.15 
niters were prehybridited at 65 C for 4-o nr «n Denhardl s 

M SiumXride ao.5 m sodium a a,e) O . * SDfc ^ ^ 
(0.02% Ficolt. 0.02* BSA. OXn* » out in the same £- 

ml salmon sperm DN A. ^T^^^x 0 f radiolabeled probe at 
,ution with the ^™ * 5 Zc in 2x SSC. 0.1* SDS. and 

65*C for 20 hr. Filters w« washed one ^ Fof ^ ^ | 

twice in 0.2X SSC. 0.1* SDS- _ at ^ k„ PCR product radiolabeled 
Greening, filters were P^^JJJ!? (Mnberg and Voge.steW 
(P'Pi-dCTP. Amersham) by randorr , on™ ng ^ |hc 5> d 

1983) (NEBlot ™^*g5i%!£. werTscreened with a 230 bp 
of the gene, an additional M0JWO w c|oncs , 

region amplified from the 5 ^^Uquence was obtained by Ihe 
W «^^.^^Sa D 2tag^e Sequenase kit (Sange el 
dideoxy chain termination "f^L Bu7escri P t SIOT7 prmjers 

al- 1977) (United B,«hermcal ^ from 

or cDNA specific 20-mers were". of DNA . Sequence cim- 

lapping clones or by ^ uenc ' n |. ™ „ u c lc otides and terminal deoxy|nu- 
prSsions were resolved ^U££S£t mix . Sequence alignm** 
rjrS^ Universe of Wiscons.n Ce- 

neucsC^mpute, < Group "£3 was denatured in 2.2 M fornv 
Northem analysis. Total RNAia^ V _ ho , ino) propanesul- 
aldehyde. ^J^^'for 15 mhT The RNA was electrophorteed 
fonic acid) buffer at 65 C for 15 mm buffer al * V 

o„ a 1.0* *&^: fomM ??£.E i ? 0 ^,aprobe(BioRad). Blots We 
with buffer recirculation, and b ot ed 1 10 ^P 0.5 M pnospW 

prehybrid.red at 65X for 30 m.n "g^^^ was carriedoul 
buffer (pH 6.8) (PB). and I mM ED I A nyor ("PldtfcTP- 
in the same buffer <"^-f n *^ P s%.5* BSX> 
labeled* cDNA. Blots were washed twicem - ^ pfl , mM EpTA 
mM PB. I m « EDT V^rch^ Gilbert, 1984) and exposed to film 
at 65°C for 20 mm (Church andO'^ ^ biquitous | y expressed, non- 

developmental^ W^V£L* e ^ ua , loading of lanes. I 
ielson. 1988) was used n^™™^"^^ w * carried out a> de- 
In situ hybridizonon. In snu h y°™'" _ |4 lhjck fresh-frozen 
scribed by Jaworski et al. 0994V B««*£ * ^ ^ un ; 
sections were thaw ^^jSd^yde. Sections were rgbed 
0.1 m phosphate buffered * % P*^l°;T abelca antisense or sense iRNA 
wi* P'SICTP (New England Nucle«HaW 

transcribed ... wrro from a 280 £P ™ *™ and washing , jnitialjocal- 
pCRII (invitrogen). r^JtSS the slides to film (iyper- 
Nation of probe was ^'^^Tms were used as ne«trJeifor 
film. Amersham) for 48 exposed to Kodak TfVB-2 

prints. For higher <^ a ™Jl Jfo and countentained withjcresyl 
l? qu id emulsion. dcve 'X^he gene for the middle subunit oW . 
violet. An antisense probe for »egene ve ^^n,, 

rofilament (NF) (Martin «_ »U '^was " se^ ^ River LAo-. 

/m«.i«».<»/.i«oc'"""«'> Sp " g ^uc e d transcardially with 0.1 m so- 
rawry) ages EP to -duh 1 we« p-te-j rafonnaldehy de (PFA) m. 
dium phosphate (pH 7.4) O^v*^ dissected out and postfixed in 
PB. Whole brains ^or spmal ^J^^ed in 30* sucrose i.n PB.; 
4% PFA for 24 hr at 4 C. then equ transverse sec-. 

Coronal sections of E. T r brain were c£ - »^ , nd collected as 
tions of adult spinal ^ "^V^ohistcchemisuy. Tissue secuons 
free-doating sections in ™° for irnrnii .jqqq) (Minturn et al,, 1995} 
were incubated in rabb,t ^°^«»3Sy antibody was HRP^ 
a. room temperature ^* ( ]?0O^wS. HRP ^ 
conjugated goat f»" ™l*"J f ? 3 S m o^dir* tctrahydrochlonde 
^ Picons were dehydrated ,n grade, 



. ,„rf coversUoped with Permount (Fish- 
ethanols, equilibrated in ^uTFast blue were mount- 

er Scientific). Sections retrogradely 'aoejou 

ed in Aqua-Poly Mount (Poly*c»«?es- ^ was as previously 

C,U culture. Culture and ^^ATCQ were maintained 
described (McBurney et aL ^^^^5* PCS and 7.5* new- 
i„ alpha modified ^ ^"^^ lates . Cells adhering tothe 
bom calf serum m 100 . mm 0 ^ U ^^i mM EDTA in Dulbccco s 
plates were treated with "g^j/brL) w.thout Ca" or Mg-. 

Phosphate-buffered saline ("^f^l ta complete medium, and 
Sufrated with a flame cons ^J^l L ^ of I X 10* cell/ 

Sated in» bacteriological^re d^hes .^^^ernenud wim I 
ml. For neural induction , the cul«. re^medni the floaang 

a M all rraio-retinoic acid (day 0)_ *^?' y dtoened b y triiuraiion. and 
Sumps of cells were treaty •JJWjWcdl^ *« 
plated onto cuhuje ». ^ f ^eoVnd RNA prepared (as described 
affve) S InT. Id following induction or at 4 and 8 d 

without induction. „nivorniihineAaminin treated 100 mm tis- 

PCI2 cells were plated °" ^' yo ^'" W ^ rirn . in Dulbecco s Modified 
sue culture dishes a« dens.t> ^« gJ^S FCS. Twenty-four hours 
Eagles Medium (DMEM; ^ff™^, medium containing 100 ng/ 

rndu N cSon C and S .rr3. 5 and 7 ^ing ^ 
Primary neuronal ^^^^^ Sprague-Dawley rat embryos 
root ganglia (DRG) ^^^^K washes in Ca/Mg-free 
in DPBS. were collected DM ^ M 0 ^''^T s f„ ,„ CVMg-free DPBS 
DPBS. ganglia were ^^°^^\u P9 ^c a with 10* 
for 30 min at 3TC. After gashes ir.^ penicillin-streptomycin, 
fetal calf serum (Hyclone 2 fire-polished Pasteur pipewe^ 

cells were d.ssoaated by ' | vor ^,hineflaminin (Sigma) 
Ceils were plated onto .f^'^fo? 90 cells/mm' in medium 
coated, round ^ver glasses a« | ^'^.^ive Research). After 
supplemented with 50 ng/ml ^J^^e buffered paraformaldehyde/ 
20 hr at 37°C and 5* C °^^Kul«7res in I volume equal to 
0.2* 8'«^ ldeh ^^ m ad ^ lQ ^ min the cells were washed exten- 
,hat of the culture rned,^ After K) m,n^ ^ incubate d for 2 hr 

Sl vely with 0.1 " J*°^ w ^ 3* fetal calf medium. 0.1* glycine, 
with DMEM suppleinented ».th 5* 

0 I* lysine, and 0.2* Tnton described above, using ei- 

lnunlnohhUOchaniMry ««P^ class „, p-robu.in 

.her rabbit antisera » TOAD^W <* ^ an '""^ ,995), gener- 

Texas red far ^^e-Dawley rats weighing 150-200 

Sciatic nen-e lesion AduU Sp«g« ■ " > an(J the nght 

g were aneahewed with 400^ mg/kg ^'^^f, femur. The nerve 
Stic nerve was exposed a. .he teve^of ^ ^ ^ , 
was crushed with forceps and W^^^, in PB ). Survival times 
p.1 of the retrograde tracer Fast btoe (I* soi ^ a|>im ^ 

ranged from 4 hr » 2 ^^"^Kracardially with 0.1 m PB 
were deeply ^^V^^r^uVPB. The spinal cords were re- 
followed by 4* parafooMldehyde a „ d processed for un- 
moved at *e level of *el ^^^e^motor Sns of the a^ 
muncWstochemistry f^J^SS^* Fast blue were visualised 

Krior horn of the ^ ""L^S, a UV filter, 
using epifluoresc^cem^WWith^ ^ elimanized an- 

Tissue extraction W < -5^m ^u, r frozen at 70°C. 

irna ,s were dissected and £ a Teflon-glass Porter-El- 

Fresh or frozen tissues homoge"'^ (wc , weight) of «s- 

vehjem homogeni^ at a £ ^ 0 8 J sodium phosphate 
sue/ml of r^spha^offered ^ saline ^^'^ f tcase inhibitors (I 
oH 7 4 150 mM NaCl) containing a "^'"^ / N ^thylmaleam- 

ide, 5 mM Hramo. ^ " 1 ^ ^ taken directly from this 
pepstatio A). Whole horr^r^c sampKs ^ prepared from 

^ration. Supernatant (S) and peHet W^^tog* at "00000 
^homogenates as follows. The saved. The resulting 

7« fori hr and the supe~. (S fnjuon^ ^ ^ 

pellet was rc^omogenr^ wi* PBS ^cl «g extractions this 

supertuuam fractions by <* nm ™f**™. ^ homogenired in either 0.1 
^^,.^2^^^*^ X-100 in PBS. .0 
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U^,H«tcew.t««t»ec..t.t 9 tc-«.L,t,«c«e«|.. TOAD-64 is 1716 bp. which encodes a 572 am.no 

alyM d with N1H Image V..57 (Wayne Rasband, N™^*^ 
skies from each band were < ^*^ , ^ d . ™ in f density of either the 



mM EDTA in PBS or 2 m urea in ^ 

as above, the supernatant* saved, and the peUet " a "£ ff ^ protejn 
pnopnate buffer. ^>^^^S£ rf Bradford (Bradford, 
concentrations were determined oy tne mat standard. 
,976) using the Bio-Rad dye ^^.^oXrf With gel 
Samples to be analyzed by '"J^ w S i» 10* glycerol, 0 01% 
loading buffer (20 < 0 M*^* «« 5 min 

bronK^nolblue) and m 50 mM Tris base, 

and electrophoresed by SDS-P AGb rn mge y electro 
0.38 m glycine. O^^^^^SUShT- 50 mA in 25 mM 
phoretically transferred » m ^™^o£, «„ et al.. 1979). The 
Tris. 0.192 M glycine and 20* met hanoi 1 10 2 hr 

blots were blocked in Blotto (5* nonfat *V "J"* 'V^jfied Eagle's 
SaM in primary -^ftj* ^ SKiTSL, 20. 8 a nd 
medium supplemented «mh 5% feulc^ «« 1^ were 
0.2% sodium wide) over * «™» '^^c^jugated goat ami- 

washed and incubated w.th dkalme phospha a>e conj g 

rabbit IgC or goat ^£2^1 Ni.ro blue tetraio- 

Densitometry of blots »^'*^^^otabte and pellet 
ouan.ifica.ion of the re ^"^Xwe re ^pmred with a Hitachi CCD 
fractions. Images of immunoblots * e £ j\ P h Qua dra 650 computer 



Results ^ -r^»n^A 

Molecular cloning and sequence analysis of TOAD-64 
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liplc minor bands or generated no PCR product. The major 280 
bp PCR product was cloned into pCRU (Invitrogen) and se- 
quenced. The predicted amino acid sequence from the region 
internal to both of the primers matched that of the original pep- 
tide fragments from the TOAD-64 protein. To obtain full length 
sequence, the 280 bp PCR product was used to screen an E18 
rat brain lambda ZAP II cDNA library. A total of 4.0 x 10 s 
recombinant plaques were screened, resulting in 15 positive 
clones. The insert size of each of the clones was* determined and 
redundant clones were eliminated by constructing a map of each 
clone using PCR with vector- and TOAD-specific primers. To 
obtain the 5' end of the gene, an additional 200,000 recombi- 
nants were screened with a PCR product comprising the most 
5' end of the first set of clones. The composite sequence of 
TOAD-64 was obtained from four of these overlapping clones. 
The complete TOAD-64 coding sequence is 1716 bp (Fig. 1). 
The first in-frame methionine is preceded by a translational start 
consensus sequence, as described by Kozak (1984). An in-frame 
termination codon is found 30 bp upstream of the translation 
initiation site. The TOAD-64 gene encodes a 572 amino acid 
long protein. Analysis of the deduced amino acid sequence 
shows no signal sequence or likely transmembrane domain, con- 
sistent with a cytoplasmic location for the protein. The sequence 
also has several (S/T) X (R/K) consensus sites for potential pro- 
tein kinase C phosphorylation, as well as a potential tyrosine 
kinase phosphorylation site, (K) XXX (D) XX (Y)» at Tyr-479 
(Pearson and Kemp, 1991), suggesting that TOAD-64 is a phos- 
phoprotein. 

Several converging lines of evidence indicate that the gene 
we have cloned encodes the TOAD-64 protein. First, the isolated 
gene encodes a protein with a predicted molecular mass of 
62,364 daltons and an isoelectric point (pi) of 6.34. These values 
are remarkably similar to the molecular mass (64 kDa) and pi 
(6.4) of TOAD-64 (protein 3 10) on two-dimensional SDS-PAGE 
(Geschwind and Hockneld, 1989). Second, four of the original 
five peptides obtained by amino acid sequence analysis are rep- 
resented in the cDNA sequence (see Fig. 1). And third, synthetic 
peptides generated from a region of the sequence (residues 381 — 
399) that was not obtained in the original amino acid sequence 
analysis was used to immunize rabbits. Anrisera to this new 
sequence recognizes TOAD-64 protein immunopreci pi tared by 
one of the original an ti sera to TOAD-64 (data not shown). To- 
gether these data confirm that the isolated gene encodes the 
TOAD-64 protein. 

Sequence similarity analysis using the Gen Bank and EMBL 
databases at both the nucleic acid and amino acid levels indicate 
that TOAD-64 is a previously unreported gene. The TOAD-64 
gene product is homologous to the unc-33 gene product of C 
eiegans. Over the entire length of the proteins, TOAD-64 and 
unc-33 show 34% identity, and as much as 79% similarity (Fig. 
2a). C. eiegans mutants in unc-33 have pronounced abnormal- 
ities in axonal arborizations, presumably due to errors in axonal 
branching and guidance during axonogenesis (Hedgecock et al. T 
1985; Li et a!.. 1992). 

Substantial amino acid homology also exists between TOAD- 
64 and six sequences isolated from a human fetal brain library 
using a random cloning strategy (Adams et al. 9 1993). Three of 
these map to overlapping stretches of the TOAD-64 gene, two 
map to a region in the 5' end, and one to a region in the 3' end 
of the gene. Over very long stretches, there is close to 100% 
identity between the TOAD-64 gene and the human fetal brain 
sequences (Fig. 2b-*). The overlap and degree of similarity be- 
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Figure 2. The predicted amino acid sequence of TOAD-64 is homol- 
ogous to the C. eiegans unc-33 gene (A) and to several human fetal 
brain cDNAs (&-£). A, The predicted amino acid sequences for TOAD- 
64 and unc-33 (L» et al, 1992) are shown aligned. Solid lines between 
the two se quen ces represent identical sequence and dots indicate con- 
served substitutions. The two proteins are 34% identical over the entire 
coding region and possess many conserved substitutions. B and C, The 
first 1 14 coding amino acids of TOAD-64 are nearly identical to human 
sequences TO7524 (EMBL accession number) and T06278. The initi- 
ating methionine is indicated in bold. D and £, The homology between 
TOAD-64 and the human clones continues through the length of the 
protein, and ranges between 74—95% identity. The human sequence, 
T08I29. shown in D is also found in sequences T06728 and T09404 
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Figure i. TOAD-64 mRNA is neural specific and developroen'Uijy 
regulated. Tocal RNA (25 u.g) from El 7, PO, P5, P14, P21, and adult 
rat cortex (A) and from P21 rat liver, kidney, and spleen (B) were probed 
for TOAD-64 mRNA, A single 4.5 kb transcript is detected in the cortex 
at El 7, continues to be expressed during the first postnatal week (P5). 
and subsequently declines during the second postnatal week to a level 
that is nearly undetectable in the adult. B. TOAD-64 mRNA is not 
detected in non-neural tissues. Even after over exposure, no TOAD-64 
mRNA was detected in liver, kidney, or spleen. Both filters were si- 
multaneously hybridized with a probe for the nondevelopmentally reg- 
ulated gene, cyclophilin (eye), to verify equal RNA loading levels. 

iween these six gene fragments and the TOAD-64 gene suggests 
that all six fragments represent multiple sequences from a single 
gene or a gene family. These human fetal brain sequences have 
not been characterized, but it can be predicted that they represent 
the human homologue(s) of rat TOAD-64- The very high degree 
of conservation between ^rat and human could suggest that 
TOAD-64 has a highly conserved, essential function. 
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TOAD-64 mRNA is enriched in the nervous system and is 
developmental ty regulated 

Two different partial sequences from the TOAD-64 gene, rep- 
resenting bases 530-1215 and 1220-1533, were used to study 
the regulation and distribution of TOAD-64 mRNA. Northern 
analysis shows that a single band at 4.5 kb representing the 
TOAD-64 mRNA is developmenialiy regulated (Fig. 3a). 
TOAD-64 mRNA is detected in brain at E17. The levels increase 
up to postnatal day 5 (P5). and subsequently decline to an almost 
undetectable level in the adult. No TOAD-64 message is de- 
tectable in the non-neural tissues sampled (Fig. 3b), The pattern 
of regulation of the TOAD-64 mRNA parallels that previously 
described for the TOAD-64 protein (Minturn et al., 1995). 

In siru hybridization confirms both the developmental regu- 
lation and the neural specificity of TOAD-64 mRNA (Fig. 4). 

TOAnt/t mD.M A ie iKnnHont rhmuohrtnt Ah* nmrari* at F.14. 

Hybridization signals are high in both the CNS and PNS. In the 
PNS, sensory and autonomic ganglia express TOAD-64. No hy- 
bridization is detected outside of the nervous system. In the 
CNS, all regions of the brain and spinal cord express TOAD- 
64, although the distribution within each area indicates that not 
all cells within the CNS are TOAD-64 positive (see below). As 
development proceeds, hybridization remains high through the 
first postnatal week, but then declines to an almost undetectable 
level in most areas of the brain by postnatal day 14 (PI 4). The 
only area of the CNS in which TOAD-64 mRNA is detected in 
adults is the hippocampus. Antibody to TOAD-64 shows that 
the adult dentate gyrus contains a small population positive cells, 
whose position and morphology matches that of the dentate neu- 
rons that are bom in adult rats (Bayer, 1982). Antibody staining 
also reveals TOAD-64 protein expression in the primary affer- 
ents to the olfactory bulb in adult animals, axons from neurons 
that continue to be generated in the adult (Graziadei and Monti- 





Figure 4. In siru hybridization confirms the aeural specifknty of TO A^ ^ £ £ V ££j* 

Scale bar. 1 mm. 
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Fizure 5 in the developing cortex. TOAD-64 is expressed in the cor- 
tical Plate which contains postmitotic neurons, but not in the mitotic 
cells of the ventricular zone. Parasagittal sections of E17 rat embryos 
were hybridized with TOAD-64 andsense cRNA probe {A ^ *M™ 
stained with cresyl violet (C), or, sections were stained with TOAD-64 
antiserum (D). A, A view of the whole embryo demonstrates the je- 
striction of TOAD-64 mRNA expression to the nervous system ..Hy- 
bridization is abundant in the spinal cord (sc), midbrain (m). and neo- 
cortex (c) Signal is also detected in the olfactory epithelium (arrow). 
B AD emulsion-dipped section v,ewed under dark-field illumination 
shows that in the El 7 cortex, hybridization signal is most abundant in 
the cortical plate (cp). The ventricular zone {v\ though very cell dense 
(compare with panel C). has a far lower density of silver grams. C 
Cresyl violet staining shows the relative cell densities of each layer of 
the E17 neocortex D Antibody staining of the cortex shows that the 
TOAD-64 protein has a very similar distribution to that of the mRNA. 
Antibody staining is largely restricted to the intermediate zone and the 
developing cortical plate The ventricular zone is largely unstained." with 
the exception of a few process -bearing cells {arrows) that appear to be 
migrating into the intermediate zone (r). 

Graziadei, 1978). While we have not examined the nasal sinuses 
in adult animals, in embryos TOAD-64 mRNA is present in the 
olfactory epithelium (Fig. 5a). 

In a previous report we showed that the TOAD-64 protein is 
first expressed by neurons shortly after they have completed 
their final mitosis (Minium et al.1995). It was important to de- 
termine if this pattern of protein expression reflected transcrip- 
tional or translational regulation. In situ hybridization shows 
clearly that TOAD-64 mRNA. like TOAD-64 protein, is not 
detected in the ventricular zone of the developing brainv For 
example, in the cortex at El 7, the highest level of hybridization 
is seen in the cortical plate (Fig. 5b), with far lower levels of 
hybridization in the ventricular and subventricular zones, similar 
to the distribution of the protein (Fig. Sd). These results indicate 
that the restricted expression of the protein to newly born neu- 
rons is likely to be controlled al the level of gene transcription. 

TOAD-64 is expressed by P19 and PCI2 cells coincident with 
neuronal differential ion 

In the developing brain TOAD-64 is expressed only by cells that 
have undergone a commitment lo a neuronal phenotype. To ad- 
dress the possible association of TOAD-64 expression withjneu- 
ronal differentiation, we examined the expression of TOAD-64 
in two cell lines that can be induced to assume a neuronal jphe- 
notype, the embryonal carcinoma cell line, P19. and the rat 
pheochromocytoma cell line, PC 1 2. j 

PI9 cells are developmental^ pluripotent (Edwards andjMc- 
Burney, 1983). PI9 cells exposed to retinoic acid (at greater; than 
3 X ICr 7 M) develop neural properties: by 6 d after exposure to 
retinoic acid approximately 85% of cells express neuronal mark- 
ers (McBurney et al., 1988; Staines et al., 1994). We examined 
undifferentiated and retinoic acid differentiated PI 9 cells by 
Northern analysis (Fig. 6a). Prior to neural induction, TOAD- 
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Fieure 6 TOAD-64 is regulated in parallel with neuronal differenti- 
ation of Pl9 and PCI2 cells. A, Total RNA (40 M-g/bne) from retinoic 
acid induced {RA) or control (C) cultures of FM9 embryonal carcinoma 
cells were probed for TOAD-64 mRNA expression. TOAD-64 mRNA 
is not detected at 2 d after induction {lane /), but is detected at increas- 
ing levels after 4, 6, 8, and I l d of retinoic acid trcatmeni (lanes 2-5). 
Control cells at 4 or II d in culture do not express TOAD-64 mRNA 
(lanes 6 and 7). B. Total RNA (35 u-g/lane) from PC 1 2 pheochromo- 
cytoma cells probed for TOAD-64 mRNA shows that prior Mto« n 
or in the days following induction with NGF (f7; lanes 2-5) TOAD- 
64 mRNA is expressed. C In contrast to the mRNA. Western blots of 
protein from uninduccd (lane /) or NGF-induced (lanes 2-5) PC 1 2 cells 
show that prior to (lane f) or I d after (lane 2) NGF induct.on, little 
TOAD-64 protein is delected. Three days following NGF induction 
(lane 3) TOAD-64 protein is detected on Western hlois and increases 
gradually thereafter {lanes 4 and 5). 

64 mRNA is not expressed, but exposure to retinoic acid induces 
the expression of TOAD-64 mRNA. 

PCI2 cells are an adrenal chromaffin- derived tumor cell line 
(Tischler, 1975; Greene and Tischler, 1976). that, when grown 
in the absence of nerve growth factor (NGF), proliferate and do 
not assume neuronal properties. When NGF is added to the cul- 
ture medium, PC 12 cells differentiate into cells wtth neuronal 
properties, including the cessation of mitotic activity, neurite ex- 
tension and the expression of genes associated with mature neu- 
rons (Tischler, 1975. Stein et al., 1988; Velter and Belz, 1989; 
Sano et al., 1990). TOAD-64 expression was assayed in unin- 
duced and NGF-induced PC12 cells. In contrast to P19 cells. 
PC 12 cells, in the absence of any induction by NGF. express 
TOAD-64 mRNA (Fig. 6b). Furthermore, there is no apparent 
upregulation of mRNA following NGF induction. The disparity 
between the behavior of TOAD-64 mRNA in these two cell 
types prompted us to examine the expression of TOAD-64 pro 
tern in PCI 2 cells (Fig. 6c). In the absence of NGF, little TOAD- 
64 protein is delected. After NGF addition, the amount of 
TOAD-64 increases at 24 hr and continues to increase up to 5 
d These results suggest that the TOAD-64 protein is involved 
in the neuronal differentiation of PCI 2 cells, perhaps in the elab- 
oration of neurites. However, in PCI 2 cells, in marked contrast 
to both PI9 cells and to neurons in vivo. TOAD-64 protein ex- 
pression is not transcriptionally regulated. 
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TOAD-64 is present in growth cones 
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Figure 8 Double labeling shows that TOAD-64 is present \n lamel- 
lipodia and filopodia of growth cones. Primary cultures of <^rsaljOGt 
ganglion neurons were stained for TOAD-64. visualized with RTC (A 
and O and for class 111 0-tubulin, visualized with Texas red (5 and 
D) The same field is shown under FITC optics for TOAD-64 in A and 
under Texas red optics for class III p-tubulin in B Similarly, thesame 
field is shown in C and D. A and C, TOAD-64 immunoreactiytty is 
detected throughout the neurite and into the growth cone. Intense stain- 
ing for TOAD-64 is seen in the distal part of the neurite, just as the 
neurite gives rise to the growth cone {open arrows). TOAD-64 irhrnu- 
noreactivity extends into the growth cone itself, with staining -often 
present at the leading edge of the lamellipodia {curved arrows). Many 
of the fine filopodia that arise from the growing tip of the neunte contain 
TOAD-64 protein (arrowheads). B and D, In contrast to the distribution 
of TOAD-64 in the growth cone, immunoreactivity for class 111; ^tu- 
bulin is restricted lo the neurite and only the most proximal portion of 
growth cones {open arrows). Class UI 0-tubulin is not observed either 
in the distal part of the growth cone or in the filopodia. Scale - 10 
u.m. 



either a peripheral membrane protein or trapped within vesicles. 
Both the amino acid sequence deduced from the nucleic acid 
sequence, which docs not contain a putative transmembrane do- 
main, and the irnmunohistochemical localization of the pjrotein 
to the cytoplasm (Mintum et al., 1995). further indicate that 
TOAD-64 is an intracellular protein. Together these data show 
that the particulate form of TOAD 64 is likely to be tightly 
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Figure 9 In adult animals, TOAD-64 is reexpressed in spinal cord 
motor neurons following a peripheral axotomy. Five days following 
sciatic nerve crush, TOAD-64 is detected ipsilateral to the lesion (B), 
but not contralateral to the lesion (A). A. If the sciatic nerve is intact, 
antisera to TOAD-64 does not stain motor neurons in the ventral horn 
of the spinal cord. & The sciatic motor neurons on the side of the nerve 
crush show staining with TOAD antisera. indicating a repression of 
the protein after injury, coincident with axon regeneration, wm - white 
matter; gmX = gray matter ; Scale bar, 100 

associated with a membrane protein, and not itself a transmem- 
brane protein. 

Discussion 

We report here the full length sequence and expression pattern 
of a gene, TOAD-64, that is initially transcribed at the earliest 
stages in neuronal differentiation. Neither the TOAD-64 protein 
nor its mRNA is expressed by mitotically active progenitors in 
the ventricular zone, but both are expressed by postmitotic neu- 
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Figure 10. Extraction conditions for TOAD-64 demonstrate that it is 
membrane associated. A, Homogenates from PI 2 rat cerebral cortex (//) 
were separated into soluble (5) and pellet (P) fractions by cenmfugation 
at 100,000 x g for 1 hr. The pellet fraction was rertomogenized in PBS 
and divided into six separate aliquots that were recentrifuged After 
resuKpending the aliquots in either 0 I m Na,CO, pH 1 1 (CO), PBS 
{PB) PBS+2 m NaCI {NaCI), PBS+10 mM EDTA, PBS+2 m urea, or 
PBS+|% Triton X-100, soluble and pellet fractions were once again 
generated. Immunoblots of the protein extracts were then probed wuh 
the antibody to TOAD-64. B, The relative amount of TOAD-64 in the 
soluble or pellet fractions was quantified using densitometry. 
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mns TOAD-64 is one of the few known genes thai . turned on 
^ ^?n, wkh d\e very earliest events in neuronal d.fferentia- 
coincident with the ve 'V , wUh axon e longa- 

f ° r -rt S T^Si n gcnTeS a deduced protein with a mc- 
Tte TOAD » gen jdentical w ^ 

leC ular mas, « f 6 ^ ^ P ° nsiona , ls (Gesc hwind 
S^Sd^C?^AI«4 gene shows significant ho- 
^.^to the C e legans unc-33 gene, unc-33 was originally 
™S n for motorical.y uncoordinated mutant, Fur- 

tSitologica. analysis revealed that all neurons 
! .c k,«p defective patterns of axon outgrowth (Hedgecock et 
S i5 £eTa. SlTln unc-33 mutant axons terminate 
™!,t.v. hive 'abnormal branch points and fellowjjwro. 
pHate^ 

2d orcein such as a microtubule associated protein (Hedge- 
c«k eTa 985). but subsequent sequence analys.s revealed 
Z<?L TOAD-64 «nc-Ji showed no homology to any protein 
ataiy n Cubase (Li et a... .992). The unc-33 product is 
oS^d to have several potential phosphorylation sues, con- 
?^nt wii the fact that the TOAD-64 gene sequence contams 
consensus sites for serine, threonine, and tyros.ne phosphoryla- 
In addition, unc-33 lacks a transmembrane reg.on or s.gnal 
-ptide as^does TOAD-64 . The major difference between one- 
w ind TOAD-64 is that unc-33 has three transcripts, while we 
have^eieited only one for TOAD-64. The size of the largest 
' SclS rlnc-33 protein. 90 kDa. is significantly larger than 
foADl, however, the unc-33 protein(s) itseif has not been 
Sated o characterized. Nevertheless, the sequence andprc- 
dTcted structural similarities between the unc-33 gene product 
aid TOAD-64 suggest that they are related, and perhaps ho- 
mologous pSeins from evolutionarily distant spec.es. This pro- 
Sees 8 ^ for the possibility that TOAD-64 may. hke unc- 
?? nlav a critical role in axon outgrowth in rodents. 
J c£r previous work led to the suggestion that TO AD-64 might 
parricide in early neuronal differentiation such 
nation or axon outgrowth (Minium et al.. I995). Ant.bod es ; to 
TOAD-64 showed that the protein is first expressed by neurons 
Toiler the final mitosis, a, a time when neun>ns « jjjj 
beginning their migration out of the vem ^^™ 
expression precedes that of several neuronal markers. »«chi d 'ng 
2 omament and MAP2. Double labeling with an anub^dy » 
c£s III B-tubulin showed that all postm.touc neurons express 
TOADM&4 The in situ hybridization analyses presented here in- 
i^e tlTTOAD-Jgene. like the V^f^S^ 
in the region occupied by progenitor cells, but .s first detected 
outside ff *e ventricular zone. These data on the express.on of 
TOAD-64 mRNA demonstrate that the regulauon of TOAD-64 
JS£ 1 the developing brain is atth* level of ££££ 
Uon Unlike most previously desenbed neuronal genes and pro- 
£tas TOAD-64 mRNA is downregulated to an almost unde- 
ecble level in most regions of the adult 
TOAD-64 expression during the second postnatal week coin 
StewZh the end of .he major period of axon growth, sugges- 
tive of a role in neurite extension. 

TOAD-64 expression in cell lines further underscores its reg- 
uta!£r??nVarallel with neuronal differentiation and axon out- 
growth TOAD-64 mRNA is not detected in the embryonal car- 



SL. of regulation of protein levels » j^faj^Wj* 
PT12 cells it appears likely in both cases that TOAD-04 protein 
Says^e in^acquisidon of a neuronal phenotype. poten- 
tially in mediating neurite outgrowth. localiza- 
A role in neurite outgrowth is also ^^ "^ 
nf TOAD-64 to the lamellipodia and filopodta at tne aa 
^"ingX oflrowth cones. Moreover, further evidence wp- 

a roL comes from our experiments on ™> 
S«U Regression during axon regenerate would be pre- 
dicied for a protein required for axon outgrowth of .^vigauo.u 
During development. TOAD-64 is expressed at a h.gh leve n 
Se spina. cord' «n the normal adult spinal ventra horn ^ » 
mast other areas of the adult CNS. there is little detectable 
TOAD-64. Motor neurons with axons in the sctauc nerve rcex- 
press TOAD-64 as they regenerate to find targets following a 

Liatic nerve lesion. Protein ^f^J^^S^- 
ation has also been demonstrated for GAP-43 (Skene and wu 
tl 1981). a protein known to be associated with axonal elon- 
gation. Also consistent with a role in axonogenes.s is the ex- 
preTsL of TOAD-64 in areas of the adult bra,n *at have the 
capacity for ongoing neurogenesis and axon growth. 

A membrane associated protein expressed dunng axonal e*- 
terLTand localized at lamellipodia would be °P^ sl ™*? t 
to participate in the signal transducuon processes that permit 
growing axons ,o choose correct routes and targets T*e nucleic 
Suence of TOAD-64 encodes a protetn that lacks a sigmd 
Suence or a transmembrane domain, dictating that the TOAD- 
M protein is cytoplasmic. However, extraction expenments 
otm^te ,hat y Uie P protein has both 

associated forms. The mechanism by which TOAD^4 assoc. 
ates with the membrane fraction is not apparent from the se 
a^rTc alone. Biochemical experiments show that conditions 
S extract transmembrane proteins and proce.r. assooated w.A 
Jem can release TO ACM* from a crude membrane prcparat.on- 
r^Srefore likely that TOAD-64 binds noncovalent ly with 
high S to a nimbrane protein. A ^n;.«ah^on 
mhtht be predicted for a protein that participated in the cellular 
m £h£ry P by which axons navigate to -c^^ets. ^ 
definitive demonstration of the function of TOAD-64 still ues 
tefore us Ae dau presented here and previously (Ceschw.nd 
SfSoSdldd. ,989^0,™ etal.. .995) .-Bg*- 1 ^ 
64 could be a central element in the complex machinery under 
lying axonal outgrowth and pathfinding. 
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A cDNA, 7Gl, was isolated from retinoic acid (RA) 
differentiated neuroblastoma cells whose expression 
was high in human fetal brain and spinal cord mRNA 
but undetectable in adult brain or non-neuronal tissues. 
Sequence analysis indicates that 7Gl is homologous to 
the Caenorhabditis elegans gene unc-33. A 5.5-kilobase 
pair full-length cDNA from a human fetal brain cDNA 
library contains an 1710-base pair open reading frame. 
-Because the predicted 570 amino acid Sequence of 7o i 
shares 98^ identity with the murine Ulip gene product, 
an unc-33-like-phosphoprotein, we refer to 7G1 as the 
human Ulip (hUlip). hUlip is also similar to the bacterial 
enzyme o-hydantoinase and the recently described 
vertebrate gene products CRMP62. TOAD-64, CRMPl, 
CRMP2, and mUNC. RA stimulates an increase in hUlip 
mRNA that is transcriptionally regulated. RA stimulates 
an increase in polypeptides of 58, 60. 65, and 70 kJDa with 
the 58- and 65-kDa species being dephosphorylated 
forms of the 60- and 70-kDa species. This study presents 
a model in which to study t ie regulation and expression 
of the hUlip gene, a member of an emerging family of 
molecules that potentially mediates signals involved in 
axonal outgrowth. 



Human neuroblastomas (NBj 1 constitute a unique in vitro 
model in which to explore the cellular and molecular mecha- 
nisms that regulate the growth and differentiation of human 
peripheral nervous system tissue (I, 2). In the presence of 
biological response modifiers such as retinoic acid <RA) (3), 
increases in cAMP '4), phorbol esters (5). and interferons (6), 
the proliferation of these tumor cells is decreased, and there is 
an increase in neurite extension and neurotransmitter expres- 
sion, and cells acquire some electrophysiologic properties sim- 
itar to normal neurons. Several NB cell lines treated in vitro 
with RA increase Trk gene expression are induced to change 
the expression of several molecular markers, thus recapitulat- 
ing steps of the normal embryonic development (7-10/. Our 
studies on the mechanisms of RA-induced differentiation of KB 
cells show that RA induces an increase in TrkB mRNA tran- 
scription as well as protein production. Furthermore, in neu- 
roblastoma cell lines constitutively producing BDNF t RA-in- 
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duced TrkB expression leads to an activation of the TrkB signal 
transduction pathway that stimulates neurite extension and 
differentiation (11). These data suggest that RA may stimulate 
gene expression and lead to the activation of signal transduc- 
tion pathways usually suppressed in the transformed NB cell. 

To isolate molecular effectors important during activation of 
the in vitro differentiation of human NB cells, we screened a 
cDNA library made from NB cells treated for 14 days with RA 
and identified several genes whose expression changed during 
RA treatment. One such gene named 7G1 was isolated and 
found to detect a 5.5-kb mRNA species that was markedly- 
increased after RA treatment of NB cells (12. 13). DNA se- 
quence analysis indicates that 7Gl shares a striking homology 
with the mouse urtc-33-like-phosphoprotein, Ulipt unc-33-\ike 
phosphoprotein) gene (14) and the recently described rat 
CRMP-4 (collapsin response-mediated protein) ( 15 J. We there- 
fore renamed our gene hUlip as a human homologue of the 
Caenorhabditis elegans uncoordinated 33 ( unc '33 ' gene. hUlip 
also has homology with the 3' region of the C. elegans gene 
unc-33 (16) and the bacterial enzyme D-hydantoinase as well as 
a series of highly conserved genes ,among several different 
vertebrate species including the avian CRMP62 ■ and 
mUNC, 2 the rat TOAD-64 (18, 19), and two other human se- 
quences named hCRMPl and hCRMP2 ( 17 i. This paper de- 
scribes the isolation of a full-length hUlip cDNA from a human 
fetal brain cDNA library. hUlip expression in human tissues 
during development, and regulation of the expression of the 
hUlip gene and protein in during RA-induced differentiation of 
NB tumor cells. 

MATERIALS AND METHODS 

Cell Culture-The NB ceU lines SMS-KCNR (KCNRi (20>. SH-SY5Y 
<SY5Y) (21). and NGP (22) were cultured as described previously til. 
23, 24). Cells were treated witn the indicated concentration of all-trans- 
retinoic acid (Sigmaj or control solvent for the indicated times. 

Isolation of hUlip cDNA — A 3.7-kb fragment of hUlip (7Gli was 
cloned from RA-treated KCNR cDNA library by differential hybridiza- 
tion method as described previously (12. 13). To isolate the full-length 
hUlip cDNA, five hundred thousand phage from a human fetal brain a 
ZAPII cDNA library iStratagene. La Jolla. CAi were screened using a 
32 P-labeled 800-bp fragment of 7G1. Plaque purified phage clones were 
converted from A ZAPII vector to pBluescript SK< - • plasmid according 
to the manufacturer's recommendation, and two overlapping clones, 
clone 1 and clone 2. contained the entire hUlip coding region. cDNA 
sequences were determined by dideoxyribonucleotide chain termination 
sequencing reactions (25) using synthetic oligonucleotides. Each clone 
was sequenced in both directions and sequencing confirmed that clones 
1 and 2 are completely identical with the original 800-bp TGI cDNA 
fragment. 

RNA Analysts and in Vitro Transcription Analysis — RN A isolations 
and hybridisations wptp performed as described previously (12. 13:. 
Typically 25 u.g of total RNA was analyzed by Northern blot analysis 
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and a ' i2 P-labeled 5-kb insert of KLHip clone i or GAPDH. Washing 
conditions were as described !24<. Membranes were exposed to X-Omai 
AJt ."Urn at -70 e C using a intensifying screen. Nuclear RUN-ON assay 
was performed as described previously <26.». 

In Vitro Transcription and Translation of the hUlip Gene — A pBlue- 
scnpl SKl - ; phagemid containing hl/lip cDNA clone 2 served as a 
template for in vitro transcription using the T7 polymerase Ribo MAX 
kit {Promega.i. and the resulting mRNA was translated in vitro with 
rabbit reticulocyte lysate iPromegai in the presence of ( '^Slmethionme. 
For the immunoprecipitation, the translated product was diluted 10- 
fold with protein extraction buffer U r .r Nonidet P-40. 20 m.\i Tris, pH 
8.0. 137 m.M NaCl. 1 m.M phenylmethylsulfonyl fluoride, 0.15 uniL''ml of 
aprotinin, 20 mM leupeptin, 1 m.M sodium vanadate, 10 m.M NaFi and 
incubated with anti-peptide A serum and protein A-Sepharose CL-4B 
'Pharmacia Biotech Inc.* overnight at 4 °C. After washing with extrac- 
tion buffer, imm^noprecipitates were eluted by boiling 5 mm in 1 v 
protein sample buffer ■ 1 ■ = 62.5 mM Tns. pH 6, 10^ glycerol. 2.3Tr 
SDS, 5^ 2-mercaptoethanol. and 0.25O bromphenol blue> and analyzed 
by SDS-PAGE. 

Protein Analysis - Cells i 1 ■ 10*» w ere plated in 100-cm* dishes for 
24 h and treated with indicated the concentrations of RA or control 
solvent for the indicated times Cells il ■ 10' i were lysed in 1 ml of 
protein extraction buffer at 4 C C for 30 min, insoluble material was 
removed by centnfugation at 10.000 ^ g. and protein concentration was 
determined by protein assay kit iBio-Rad). 20 >j.g of proteins were 
electrophoresed on 10<~c SDS-poiyacrylamide gels (PAGE) and trans- 
ferred to nitrocellulose. Filters were blocked with 5<y nonfat dry milk in 
Tns-buffered saline with 0.5Tr Tween 20 (TBST; and hULIP proteins 
were detected using an antiserum (1:1000) raised againsv Peptide A. 
Peptide A corresponds to amino acids 499-51 1 of hULIP and OLIP. The 
anti-peptide A serum is specifically blocked by Peptide A and not che 
corresponding peptide in the TOAD-64/rCRMP2 gene. 3 The anti-pep- 
tide A serum was onginallv described to detect the TOAD-64 protein, 
v.hich is now ki own to be Ulip KTRMP4 M4. 15). The blots were 
•■ ashed, and bouid antibodies were detected with the ECL kit (Amer- 
-. -mm Corp. , ! . 

For protein phosphatase treatment, after cells were lysed with lysis., 
buffer '1^ Ncnmet P-40. 50 m.M Tns. pH S.5. 137 rruv. NaCI. 2 mM 
MgCL 2 , 0.1 mM EDTA. 1 mM phenylmethylsulfonyl fluoride, 0.15 unit ml 
of aprotinin. 20 r.iM leupeptin. 0.1 m.M dithiothreitol !, 20 ^g of protein 
extracts were incubated with 15 units of calf intestinal alkaline phos- 
phatase 'Boehnnger Mannheim' at 37 °C for 30 min and analyzed bv 
immunobloL as described above. 

RESULTS 

Expression and Regulation of h Ulip — The hUlip gene was 
originally isolated as a partial cDNA clone ;7G1' from a cDNA 
library- generated from NB cells that had been treated for 14 
days with RA i L2 >. To study the kinetics of RA mducibility of 
the hUlip gene, we analyzed RNA isolated from SMS-KCNR 
NB cells at various times after treatment. An increase in hUlip 
steady-state mRNA levels was not detected after 15 min of RA 
treatment (Fig. LA. lane 2't. However, within 1 h a small in- 
crease in hUlip expression was detected (Fig. LA. lane 3) that 
was markedly increased after 2 days of RA treatment (Fig. LA, 
lane 4). hUlip expression peaked between 4-8 days (Fig. LA, 
lanes 5 and 6> and remained relatively unchanged up to 18 days 
after RA treatment <Fig. 1A. lanes 7 and 5). At this time, the 
transcriptional induction of hUlip gene was approximately 20- 
fold higher in RA-treated cells than in control cells 'Fig. IB). 
This is not due to a generalized increase in transcription stim- 
ulated by RA because the specific transcription of the retino- 
blastoma and CDC2 genes was decreased less than 2-fold after 
RA treatment, whereas N-mvc transcription was reduced ap- 
proximately 50-fold by RA as has been previously described 
'24>. The transcriptional regulation of hUlip is consistent with 
a previous observation that RA stimulated a 2-fold increase in 
7Gl transcription in nuclei from cells treated for 2 days with 
RA and a 22-fold induction in nuclei from cells after 14 days of 
RA treatment i 13>. 

A Northern analysis of normal human feta! and adult tissues 

3 S. Hockfield. personal communication. 
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FlG 1 Expression and regulation of h Ulip mRNA. A. Northern 
analysis of hUUp exprcsf.ion m the NB cell line SMS-KCNR evaluated 
during a time course o:~ treatment with RA. Lane 1. control cells; lane 2. 
15 mm; ane 3. 2 h; lanes 4-S, 2. 4. 8. 10, and IS days of RA treatment, 
respectively. 3. nucle lr RUN-ON assay performed on isolated nuclei 
from KCNK after 7 days ^f culture in standard condition or in presence 
of RA 5 aM. C. North?n: analysts of hUlip expression in normal fetal 
and adult tissues. Lane I. adult skeletal muscle: lane 2. fetal limb 
tissue; lane 3, adult muscle; lane 4, neuroblastoma cell iine SMS- 
KCNR: lane 5. RA-treated SMS-KCNR cells; lane 6. 59 day-old fetal 
human brain; lane 7, 135 days old fetal human brain: lanes S and 9. 
adult brain t unknown areas?; lanes 10 and //. fetal human spinal 
cord and adult dorsal root ganglion tissues: lane 12, adult peripheral 
nerve tissue, lanes 13 and 14. adrenal and pancreatic tissues RB. 
retinoblastoma. 



indicated that hUlip mRNA is detected in 59-day fetal brain 
(Fig. 1C, lane 6) and an increased level of hUlip mRNA is 
observed in a 135-day brain. sample Uane 7i. However, two 
different samples of adult brain mRNA (regions undefined* did 
not express hUlip mRNA [lanes 8 and 9). Detectable levels of 
hUlip mRNA are aho found in fetal spinal cord mRNA but not 
in adult dorsal root ganglion or peripheral nerve mRNA (Fig. 
1C, lanes 10, II. and 12 >. Expression of hLlip was not detected 
in RNA samples from adult muscle, fetal limb, adrenal, or 
pancreas (Fig. 1C, lanes 1. 2. 3. 13. and 14. respectively... 

Sequence Analysis and Comparisons — The 7Gl clone con- 
tained a 3.7-kb cDNA. and recent sequence analysis compari- 
sons showed that 7Gl shared homology with the C. elegans 
gene unc-33. The highest homology matched a 3' region of the 
unc-33 cDNA. Using a polymerase chain reaction generated 
800-bp DNA fragment to the most 5* region of the 7G1 cDNA as 
a probe, we isolated a full-length cDNA insert of 5.5 kb from a 
human fetal brain library. Sequencing of both strands and 
computer analysis of the 5. 5-kb cDNA indicated an open read- 
ing frame of 1710 bp predicted a'62-kDa polypeptide with u pi 
of 6.4 (Fig. 2). Sequencing indicated that 7Gl was identical to 
this 5. 5-kb clone in the 3' region of the molecule. A more 
detailed nucleotide data base search revealed several highly 
homologous sequences. The highest homology. 98 r > identity at 
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Fig 2. Nucleotide sequence and 
amino acid translation of 7Gl and 
hUlip. hUlip nucleotide sequence and the 
putative translation in amino acids ac- 
cording to IUPAC single letter code. The 
underlined region corresponds to the re- 
gion of overlap with the 7G1 clone. The 
boxed area represents the peptide used to 
generate anti-peptide A serum. 
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Fig. 3. Sequence comparison be- 
tween hClip and Ulip- Comparison of 
hUlip protein sequence with the highly 
related mouse UUp protein showing 98*^ 
of identity in amino acid residues Mis- 
matched ammo acid residues were indi- 
cated bv asterisks Shcacd bores repre- 
sent trie consensus sites for protein 
kinases such as Drotem kinase C (Ser 14 . 
Ser ,4 \ Thr 172 . Ser 121 . Thr 60y . Ser 5l ~. and 
Ser^'S casein kinase II -Thr 54 . Ser 1 ' 3 , 
Ser :31 . Ser 1 ". Thr 21 *. Ser 2 - 6 . Ser M . 
Thr 312 Ser 4 °\ Ser' 27 . and Thr 543 ), protein 
kinase A 'Ser 3fi \ Ser 5 '". and Ser 553 i. and 
prohne-directed kinases ' Ser J0 \ Thr 31 , 
and Ser JT *> Potential .V-myristoylation 
sites were indicated by tiers. 
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protein level, was observed with the mouse unc-33-\ike phos- 
phoprotein Ulip <14> i Fig. 3). The human sequences. hCRMPl 
and hCRMP2 ( 17 i. showed a lower level of homology ranging 
from 68 ihCRMP2* to 75^ fhCRMPl) <data not shown). 

Ammo acid sequence comparisons of the Ulip gene revealed 
domains within the Ulip protein that share significant homol- 
ogies with the D-hydantoinase protein from Pseudomonas 
putida (14). During the process of sequence analysis, we noted 
that the hUlip gene product shared a significant number of 
conserved ammo acid residues with the protein sequence of the 
Bacillus stearothermophylus D-hydantoinase enzyme '36^ ho- 
mology.) and the C. elegans unc-33 gene product f 30*5c homo- 
logy*. By alignment of these three proteins we identified four 
conserved internal domains. A. B. C, and a D region of homol- 
ogy within C in which the level of identity was significantly 
higher than the average <60-76Crl (Fig. 4). Further analysis is 
required to assess if these regions may be significant in the 
function of the hUlip protein. 

Analysis of hULIP Protein Expression and Regulation -To 
identify the hUlip gene product, we prepared in vitro trans- 
lated hULIP protein. The 2-kb hUlip mRNA that encompassed 
the coding region of hUlip was transcribed by T7 polymerase in 
vitro from the pBluescript II SKf-i hUlip cDNA clone 2 and 
translated into protein using a rabbit reticulocyte lysate in the 
presence of [ a& S]methionine and analyzed by SDS-PAGE ( Fig. 
5A>. l ;jri S]Methiomne-labeled proteins ranging from 35 to 60 
kDa are detected, and the 60-kDa labeled protein corresponds 



to the expected size from the deduced amino acid structure of 
the hUlip gene. 

To studv the regulation of hULIP proteins, we used a rabbit 
anti-peptide A serum (18), which is raised against the peptide 
YDGPVFDLTTTPK (amino acids 499-511. Figs. 3 and 6). To 
determine whether the anti-peptide serum recognizes the 
hULIP protein, the in vitro translated hULIP protein was 
reacted with specific anti-peptide A or a control antiserum m 
the absence or the presence of the immunizing peptide, and the 
immunoprecipitates were analyzed by SDS-PAGE (Fig. SA). 
These results indicate that the mRNA transcripts synthesized 
from hUlip cDNA translate a 60-kDa protein that is recognized 
by the anti-peptide A serum and competed out by co-incubation 
with the immunizing peptide. Immunoprecipitation with a nor- 
mal rabbit antiserum did not detect hUlip proteins. The 
smaller peptide fragments synthesized by the rabbit reticulo- 
cyte lysate may represent truncated protein products of the 
hUlip gene, because immunoprecipitation of these truncated 
proteins bv the anti-peptide A serum was also inhibited by the 
immunizing peptide (Fig. 5A). The hULIP peptide is found in 
its rodent homologue ULIP but not in the other members of this 
family (Fig. 6). Western analysis indicated that the anti-pep- 
tide A antibody detected several hULIP proteins of 58. 60, 65, 
and 70 kDa in extracts from RA-treated SMS-KCNR. and the 
immunodetection of these bands was specifically blocked if the 
immunizing peptide was included during the antibody incuba- 
tion step f Fig. 5B). This antibody did not detect other members 
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Fig. 5 Expression and regulation of hlTLlP protein. Western 
analvsisof hULIP protein expression in neuroblastoma cells after treat* 
ment with RA. A. recognition by the anti -peptide A serum of the in vitro 
synthesized hUlip protein. In vitro translated hClip protein was either 
d'i recti v mixed with an equal volume of 2 < SDS sample buffer or 
immunoprecipitated with an:i-peptide A serum in the presence or the 
absence immunogenic peptide and analyzed by SDS-PAGE. B, peptide 
competition of anti-peptide A serum reactivity on immunoblot. Proteins 
extracted from SMS-KCNR treated with RA for 6 days were transferred 
to nitrocellulose filter and probed with anti-peptide A serum in the 
presence of 200 nM of the immunizing peptide Peptide A or a similar 
amount of peptide from the corresponding region of the human 
CRMPHrCRMPl). human CRMP2 -or TOAD-64. mUNC, rCRMP2>. or 
human CRMP3 irCRMP3» genes. C, time course treatment with RA of 
SMS-KCNR cells. Lane 1. control: lanes 2-6. 2, 4. 6. 9. and 12 days 
of treatment with 5 m.M RA. D. phosphatase treatment of hUlip. 20 ^g of 
protein extract from SMS-KCNR treated with RA for 6 days was incu- 
bated with the indicated amount of calf intestinal alkaline phosphatase 
at 37 C C for 30 min, and then the dephosphorylated forms of hUlip were 
analyzed bv Western blot. Anti-peptide A serum reactive 70-, 65-. 60-, 
and 58-kDa hULIP proteins were indicated by arrou heads. E. Western 
blot analvsis of hULIP protein expression in different KB cell lines m 
presence "or the absence of RA: SMS-KCNR 5 /iM RA ilanes 1 and 
2;. NGP ---5 RA ilanes 3 and 4 K and SY5Y 1 RA ilanes 5 
and 6\ 

of the family because the corresponding peptides (amino acids 
499-511 » (Fig. 6* from these family members did not block the 
anti-peptide A antibody t Fig. 5B k 

Western analysis was performed on protein extracts isolated 
from SMS-KCNR cells treated with RA for 2-12 days. Four 
distinct but immunogenicaUy related polypeptides with appar- 
ent electrophoretic mobilities of 70. 65. 60. and 58 kDa were 
detected (Fig. 5C. lanes 2-6). An increase in the p60 hULIP 
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Fig 6. Amino acid alignments of peptide A corresponding pep- 
tides (amino acids 499-511) from hUlip-related proteins. The 

black background indicates identical residues with peptide A. In rUlip- 
rCRMP4. because only 5' end of the coding region has been reported, its 
amino acid sequence of this region is not available il5>. 

band (Fig. 5C, lane 2) was detected after 2 days of RA stimu- 
lation, and this polypeptide was the most abundant. The sec- 
ond most abundant polypeptide was the p70 hULIP protein 
that was also detected at day 2. whereas the intermediate 
band. p65 hULIP was faintly detected at day 2 < Fig. 5C. lanes 
3 and 4. respectively i. A fourth protein with an apparent mo- 
lecular weight of 58 kDa was recognized by the anti-peptide A 
serum but it was detected after 9 days of RA treatment. Upon 
prolonged exposure of the western (Fig. 5S», the 5S-kDa hULIP 
protein could be detected, and thus was also competed by the 
immunizing peptide (data not shown). 

The finding that peptide A (499-511 amino acids . specifi- 
cally inhibits antibody binding to all hUlip proteins (Fig. SB) 
indicates that these four proteins all contain an identical anti- 
genic epitope. The P 70, P 65, and P 60 hULIP proteins are de- 
tected within 48 h after RA stimulation, the p58 hULIP protein 
is detected after 9-14 days of RA treatment. The differential 
regulation of hULIP proteins suggests that they may be trans- 
itional modifications of a smaller number of proteins. Studies 
of ULIP, the murine counterpart, indicate that it is a phospho- 
protein (14). To test whether the different proteins detected by 
the anti-peptide A serum in RA-treated NB cells may be phos- 
phorated forms of a single protein, protein extracts from 6 
dav RA-treated KCNR NB were incubated with alkaline phos- 
phatase at 37 °C. After a 30-min incubation, proteins were 
resolved bv SDS-PAGE. blotted, and analyzed with the anti- 
peptide A serum i Fig. SDu Western analysis of phosphatase 
treated extracts resulted in the detection of proteins with ap- 
parent molecular masses of 70, 65, 60. and 58 kDa. These 
studies indicate that the P 70 and p60 hULIP proteins may be 
phosphorvlated forms of the p65 and p58 proteins, respectively 
The kinetics of detection of the underphosphorylated forms of 
the proteins suggests that RA may be inducing a specific phos- 
phatase activity. 
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hULIP protein expression was evaluated in three neuroblas- 
toma cell lines whose differentiation response when treated 
with RA was variable. In KCNR. RA induced a high level of 
expression of all three hUlip related proteins in KCNR (Fig. 5L, 
lane 2). In the NGP NB cell line, the 70- and 60-kDa hULIP 
proteins are constitutively expressed (Fig. oE. lane 3), and the 
level of expression is not significantly altered by RA (Fig. o£\ 
lane 4). RA is a poor inducer of differentiation in the cell line 
SY5Y (11), and expression of hULIP proteins in SY5Y (Fig. 5£, 
lanes 5 and 6) was at a level not detected when compared with 
the levels of hULIP proteins in KCNR and NGP. Prolonged 
exposure of blots revealed that RA did induce hULIP in SY5Y 
(data not shown j. 

DISCUSSION 

This paper describes the identification, cloning, and se- 
quence of the human homologue of the mouse UHp < 14) and the 
rat CRMP4 i 15 1 gene. .An analysis of fetal and adult human 
tissues indicates that hUlip is developmentaliy regelated like 
its rodent counterparts. By utilizing RA-induced differentiation 
of human neuroblastoma cells, we have found that the hUlip 
gene is transcriptionally regulated during the process of in- 
duced differential, and there is a dramatic increase in hULIP 
protein expression during neurogenesis. 

hUlip is a member of a family of evolutionary conserved and 
structurally related genes. Homologous sequences were iso- 
lated from different species: D-hydantoinase from P. "putida. 
unc-33 from C. elegans i 16). CRMP62 from chicken (17). the rat 
gene TOAD-64 ( 19>. the mouse genes LTipM4> and mUNC,* 4 the 
human genes CRMPl and CRPM2 1 7 i several EST sequer ce ; 
(28), and four rat genes CRMPl-4 ■ 1 5 1 . The presence ofnu!- 
tiple sequences with different levels of homology even witiin 
the same specie suggests that multiple unc-33 like genes an 
present among the vertebrates. hUlip has an overall homobgv 
with the bacterial enzyme D-hydantoinase and the C. elegany 
unc-33 of only 36 and 30 r f<- . respectively, yet it is possible to 
detect areas of the proteins that have a higher level of identity 
m the primary sequence « Fig. 4.>. A previous study identified at 
least three areas of homology that may represent functional 
domains in the protein by comparison of Ulip with the d- 
hydantanoise of P. putida M4t. However, by comparing hUlip to 
the D-hydantanoise of B. stearotkermophylus, we have detected 
an additional region D within the C region with a high number 
of conserved residues present in the human, bacterial, and 
worm genes that may have functional significance. To date it 
has not been possible to assign enzymatic functions to these 
domains in other unc-33Aike proteins (CRMP62 and Ulip), and 
studies are in progress to address this issue in hUip. It may be 
possible that those conserved areas underlie functional' do- 
mains of the protein. Such a hypothesis is supported bv the 
evidence that the function of the chicken unc-33 homologue. 
CRMP62, as a collapsin response mediator may be suppressed 
by injecting an antibody raised against a peptide within the 
first conserved domain A into the cell (17,'. 

Clues to the role these proteins play during differentiation 
have been inferred from the functional identification of several 
members of this family; all members share homology with 
unc-33. a C. elegans mutant with uncoordinated movements 
and defects in agonal outgrowth (16r. chicken CRMPl was 
identified as a mediator of coliapsin-induced growth cone re- 
traction (17); and TOAD-64 is one of the earliest and most 
abundant proteins expressed in post-mitotic neurons during 
corticogenesis and migration, yet its expression decreases dra- 
matically in adult neural cells US. 19); Family members have 
an intracellular cytoplasmic location and the proteins, includ- 
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ing hLHip, contain consensus sites of phosphorylation for pro- 
tein kinase C, casein kinase II, protein kinase A. and "proline- 
directed" kinases as well as .V-myristoylation sites. This has 
lead to speculation that these proteins may be intracellular 
mediators of collapsin signal transduction and play a role in 
axonal guidance during neurite outgrowth. 

The analysis of hUlip distribution in fetal and adult human 
tissue samples of the central and peripheral nervous system is 
consistent with the reports for the tissue distribution of the 
murine homologue of ht/lip as well as other members of this 
gene family in other species (14-19). We found a high level of 
. specific mRNA in fetal brain and spinal cord samples but not in 
any of the non-neuronal and adult tissues examined. This 
finding may underlie a tissue-specific regulation of hUlip ex- 
pression and suggests that, like its rodent counterparts, it has 
a specific role in developing the human nervous system. Mem- 
bers of this family of genes have been almost exclusively local- 
ized in rodent neural tissues by m situ analysis r 15. 17/. al- 
though Ulip expression has been found in muscle localized at 
the neuromuscular junction (14). 

The finding of differential expression and regulation of hUlip 
in neuroblastoma cell lines enables biochemical and functional 
studies of the hUlip gene and protein to be performed that may- 
be important in determining its functional role during neural 
development. The expression of hUlip mRNA by Northern blot 
analysis was increased in RA-treated SMS-KCNR cells after 
24-48 h of treatment reaching the peak at S days and stabi- 
lizing thereafter (Fig. LA.. The increase in hUlip parallels the 
kinetics of neurite extension that peak 6-8 days after RA 
treatment (24). This increase in the steady-state levels of h Ulip 
mRNA is due in part to an increase in gene transcription as 
shown by RUN-ON assays (Fig. IB), indicating that chromatin 
changes are required to activate the expression of this gene m 
differentiating neuroblasts. The kinetics of induction of hUlip 
transcription increase graduaJly with time after RA treatment 
(2-foid at 2 days. 20-fold at 7 days (Fig. LB), and 22-fold at 14 
days ( 13)?. indicating that the effects of RA may be indirect and 
not mediated by RA receptors. hUlip mRNA expression is also 
increased in RA-treated NB cells at a time in which cells have 
arrested in of the cell cycle and neuritogensis begins. This is 
similar to the pattern of expression of TOAD-64 that is absent 
in the mitotic precursors of corical neurons but is highly ex- 
pressed once cells have stopped dividing (16, 19). However, 
constitutive hUlip expression can be detected in the proliferat- 
ing neuroblastoma cell line. NGP. and this suggests that arrest 
of ceil growth may be coincident and not required for expres- 
sion of hUlip in neuroblastoma. Conversely, it is possible that 
during normal development hUlip expression is coordinately 
regulated with arrest of cell growth, yet this process is dis- 
rupted as a consequence of genetic changes leading to tumori- 
genesis in some neuroblastoma cell lines. 

During RA-induced growth arrest and neunte extension in 
KCNR NB cells, four immunologically related hULIP proteins 
with apparent molecular masses of 58. 60. 65. and 70 kDa were 
detected. The specificity of the anti-peptide A antiserum to 
detect hULIP and not other members of the family indicates 
that these proteins are post-translational modifications of 
hULIP. Whether other members of this family are expressed 
during RA-induced differentiation of NB cells is not known, 
although it is possible as rat studies have shown that all CRMP 
family members are differentially and developmentaliy ex- 
pressed in the peripheral nervous system tl5j. We have found 
that phosphatase treatment of protein lysates from RA-treated 
cells indicates that the p65 may be an underphosphorylated 
form of p70, whereas p58 may be an underphosphorylated form 
of p60 (Fig. 5Dl During kinetic analysis, p58 and p65 are 
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detected later after RA treatment and in lower abundance 
compared with p60 and P 70, respectively. This suggests that 
during RA-induced difTerentiation a phosphatase may be in- 
duced. The products of the chicken, rat, and mouse genes, 
CRMP62 TOAD64, and Ulip, have been shown to be phospho- 
proteins. In particular the phosphorylation of several proteo- 
lytic peptides are altered after nerve growth factor treatment of 
PC12 cells indicating a possible involvement of the unc-33-hke 
proteins in the Trk-mediated signal transduction Pf ^hways 
(14) Nerve growth factor stimulates an increase in TOAD-64 
protein (18) and Ulip phosphorylation in PC 12 cells (14). These 
observations indicate that members of the unc-33 gene family 
may also be involved in Trk signal transduction pathway. We 
find that hUlip expression can be stimulated in the RA-treated 
NB cell line SY5Y and the addition of BDNF enhances hUlip 
expression 4 However. RA is also known to regulate a number 
of membrane receptors in NB including TrkB (11. 27), epider- 
mal growth factor receptor ( 13) c-kit (29), transforming growth 
factor-3 receptors (30). and c-RET (31). Thus it is possible that 
activation of these or other unidentified signaling P ath ^ s 
may also contribute to the increased transcription of hUlip 

r»!.» :_ XT.T5 — 1.1 f <•+ j,m i il a fori hv RA 

mruNrt tn xcii-- ow....- -_. - -- 

In this studv, we present the isolation and preliminary char- 
acterization of the human homologue of the Ulip gene. The 
ability of RA to regulate transcription of this gene provides a 
model to studv factors affecting the developmental expression 
of this protein. Furthermore, the variable expression of hUhp 
in neuroblastoma cells offers a model system to study the 
function of this protein as it relates to neuronal differentiation. 
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Abstract 

Background — Paraneoplastic neurologi- 
cal syndromes (PNS) are inAammatory 
disorders that probably depend on 
autoimmune processes. Several autoanti- 
bodies (anti-Hu, anti-Ri, and anti-Yo) 
have been characterised in PNS and 
proved to be helpful in the diagnosis. 
However, these do not account tor all the 
cases and the possibility that other types 
of antibodies could be detected was inves- 
tigated. 

Methods and results — Of 45 patients with 
PNS whose serum was probed on 
paraformaldehyde fixed rat brain sec- 
tions, 11 patients were identified whose 
serum samples recognised a cytoplasmic 
antigen in a subpopulation of glial cells in 
the white matter of adult rat brainstem, 
cerebellum, and spinal cord that were 
double labelled with a monoclonal anti- 
body specific for oligodendrocytes. AH 
serum samples reacted with a 66 kDa pro- 
tein of newborn rat brain on western blot 
analysis. These antibodies were desig- 
nated as anti-CV2 antibodies. Only one of 
the 1 1 patients had one of the well charac- 
terised autoantibodies (anti-Hu) . Five 
patiencs had cerebellar degeneration, 
three had limbic encephalitis, two had 
encephalomyelitis, and one had Lambert- 
Eaton myasthenic syndrome. The 
rumours were small cell lung cancer or 
undifferentiated mediastinal cancer in 
seven patients, uterine sarcoma in two, 
and malignant thymoma in two. Among 
1061 control serum samples, only two 
patients had anti-CV2 antibodies. One 
had small cell lung cancer and the other 
malignant thymoma. 

Conclusions — The detection of anti-CV2 
antibodies in patients with neurological 
disorders should be considered as an indi- 
cation of the presence of an occult cancer. 

(7 *V<n<n>/ N<mmsur$ Psychiatry 1996;61:270-278) 
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and the tumours have been characterised in 
PNS and proved to be helpful in the diagno- 
sis.' 4 Thus most patients with the 
encephalomyelitis-sensory neuropathy com- 
plex associated with anti-Hu (or ANNA-1) 
antibodies have small cell lung cancer. 56 
Those with paraneoplastic cerebellar degenera- 
tion and anti-Yo (or PCA-1) antibodies have 
gynaecological rumours. 7 s Most of ihe patients 
with anti-Ri (or ANNA-2) antibodies and 
opsoclonus/ataxia have .fSjccast cancers.* 
However, these autoantiboSSpSio not account 
for all patients with PNS. 10 ^ Some of the 
patients negative for these antibodies could 
actually harbour autoantibodies that could be 
identified by other methods, in particular, by 
using fixing procedures which improve antigen 
preservation. 

Recently, by using paraformaldehyde fixed 
rat brain sections, we described two patients 
with PNS and antibodies that reacted with a 
cytoplasmic antigen in a subpopulation of glial 
cells in the brainstem and cerebellar white 
matter.' 1 ' 4 To investigate the possibility that 
these antibodies could be relevent for the diag- 
nosis of cancer in patients with neurological 
disorders suspected to be paraneoplastic, we 
screened 45 patients with PNS, 128 patients 
with tumour, and 933 control patients of vari- 
ous types for the presence of these antibodies. 



Keywords: paraneoplastic neurological syndromes; 
oligodendrocytes; aori-CV2 auioaoabodies 

Paraneoplastic neurological syndromes (PNS) 
are rare inflammatory disorders of the central 
and peripheral nervous system* that possibly 
depend on autoimmune processes directed 
against antigens 'shared between the tumour 
and the nervous system^ Several autoantibod- 
ies correlated wich the neurological disorders 



Materials and methods 

PATIENTS 

Serum and CSF from 45 patients with PNS 
were collected and stored at - 20 Q C until use. 
Control serum samples were obtained from 
900 patients with various infiamrnatory or 
non-inflammatory neurological diseases with- 
out cancer, 128 patients with cancer and no 
PNS (37 small cell lung carcinomaf 14 other 
lung cancer, 25 intestinal adenocarcinoma, 
two lymphoma, 29 gynaecological cancer 
(breast and ovary), seven various carcinomas, 
14 malignant thymoma with myasthenia 
gsravia) and 33 normal concrol subjects. 
Control CSF samples were obtained from 30 
patients with various neurological syndromes. 
As positive controls for the identification of 
anti-Hu, anti-Ri, and anti-Yo antibodies, we 
used three serum samples obtained from Or 
Josep Dairnau (Memorial Sloan Kettering 
Cancer Center, New York, USA). 

TISSUE PREPARATION FOR 
IMMXJNOHLSTOCHEMJSTRY 

Adult rat, newborn rat, and day 22 rat embry- 
onic tissues (E22) were obtained from OFA 



rats (IFFA CREDO,^^ce). Human brain 

samples were obtaine^MRm a 71 year old 
woman without neurological disease and from a 
24 week embryo after a spontaneous abortion. 

Adult rats were anaesthetised with 
Nembutal and killed by intracardiac perfusion 
of 4% paraformaldehyde and 0-2% picric add 
diluted in phosphate buffer (0*1 M, pH 7-4). 
Tissues were postfixed for 24 hours at 4°C in 
the same soluboo, rinsed in phosphate buffer 
for 12 hours, cryoprotected in a solution of 
25% sucrose in phosphate buffer, rapidly 
frozen in isopentane chilled at - 60°C in liq- 
uid nitrogen, and stored at -80°C. Human 
brain, rat embryo, and newborn rat brain were 
fixed at 4°C for four days by immersion in 4% 
paraformaldehyde and 02% picric acid 
diluted in phosphate buffer (0-1 M, pH 7-4) 
and then cryoprotected as described above, 

I MM UNOC YTO C HEM1STR Y 
Immunofluorescence 

To screen the serum samples we used an indi- 
rect immunofluorescence technique. Frozen 
sections (12 pm) were cut on a cryostat, 
mounted on gelatin-covered slides, created for 
two hours in phosphate buffered saline (PBS) 
and 1% bovme serum albumin (BSA) with 
0-1% Triton X 100, and incubated for 12 
hours with the patient's serum in PBS-1% 
BSA at room temperature (diluted 1/100 on 
adult rat brain sections and 1/1000 on E22 rat 
embryo sections). After three washes with 
PBS-l% BSA-0-1% Triton X 100, the sec- 
tions were incubated for two hours with 1/100 
diluted fluorescein-conjugated rabbit anti- 
human antiserum (Dakopatts, Denmark) in 
PBS-l% BSA. After washing in PBS, the 
slides were mounted in mo viol and examined 
with an Axiophot Zeiss microscope. Control 
sections were incubated with either fluorescein 
conjugated antihuman IgG antiserum alone, 
patient's serum alone, or control serum sam- 
ples and the fluorescein conjugated antibody 
at the same dilution. Positive serum samples 
were then tested to establish end point dilu- 
tion. 

Im m unoperoxidas e 

To confirm the positivity of the serum samples 
detected by screening with immunofluores- 
cence, we used both indirect and direct 
immunoperoxidase labelling after biotinylarion 
of the patient's serum IgG. 

Indirect immunoperoxidase method — Frozen tis- 
sue sections fixed by paraformaldehyde were 
sequentially incubated with 0*3% hydrogen 
peroxide (to destroy tissue peroxydase activ- 
ity) and 10% normal rabbit serum (to prevent 
non-specific binding of rabbit IgG) or 1% 
BSA. After incubation for 12 hours with 
patient's serum diluted 1/1000 and washes, 
the sections were incubated for two hours with 
biotinylated rabbit antihuman IgG antiserum 
(Jackson, Baltimore, USA) diluted 1/1000 in 
PBS-1% BSA. Bound human IgG was 
vizualised by incubation with avidin-biotin- 
peroxidase (Vectastain ABC complex, Vector) 
and developed with 0 05% diaminobenzidine 
tetrahydrochloride (Sigma, St Louis, MO). 



Control sections wei^^Bained with 1 5 serum 
samples from paticntWmhout PNS using the 
same protocol. 

Patient's IgG biotinylation — IgG was prepared 
from the scrum samples of four patients (3, 6, 
7, and 8) and conjugated with biotin as 
described by Fumeaux et at." After treatment 
with hydrogen peroxide and incubation with 
10% normal human serum, the sections were 
incubated with biotinylated IgG (1 /ig/ral) for 
12 hours at room tempera rure. Bound human 
IgG was vizualised by incubation with avidin- 
biotin-peroxidase (Vectastain ABC complex, 
Vector) as described above. Control sections 
were obtained with biotinylated IgG from a 
healthy patient. 

Double labelling 

To determine whether the CV2 reactive cells 
were oligodendrocytes, we used a double 
labelling with Rip, a mouse monoclonal IgGl 
antibody specific for oligodendroglial cells 
provided by Dr B Zalc (TNSERM U 289, 
Paris, France). 1 * 

Double labelling was performed on white 
matter of adult rat spinal cord. Longitudinal 
sections of spinal cord were incubated 
overnight at room temperature, simultane- 
ously with anti-CV2 antiserum (diluted 1/300) 
and with Rip antibody (diluted 1/20). Then, 
sections were stained with appropriate fluores- 
cein conjugated antiserum (anti-CV2) and 
Texas red conjugated antiserum (Rip) by the 
method previously described. 

SIOCKEMJCAL AND IMMUNOCHEMICAL 
METHODS 

Subcellular fractionation of brain 
Samples of fresh rat or postmortem human 
brain were homogenised with sodium phos- 
phate buffer (5 mM, pH 7) containing pro- 
tease inhibitors (1/1000 leupeptine, 1/1000 
peps t a one, 2-5/1000 aprotinine (Sigma)), and 
0-3 M sucrose, using a hand held teflon glass 
porter homogeniser (clearance 0-1 mm) and 
centrifuged for 10 minutes at 1000 g to 
remove nuclei and large tissue fragments. In 
some experiments, the supernatant (SI) was 
then centrifuged for one hour ac 6000 g. The 
pellet (P2) contained a crude membrane frac- 
tion. The supernatant (S2) was then cen- 
trifuged for 30 minutes at 100 000 g to 
separate soluble proteins (S3) from a*" crude 
microsome fraction (P3). The fractions P2, 
S3, and P3 were then diluted with buffer con- 
taining protease inhibitors to adjust the pro- 
tein concentration to I mg/ml and stored at 
- 20°C. 

Immunoblotnng 

Each fraction was diluted (1:1; v/v) with 250 
mM Tris HO buffer,. pH 6-8 containing 2% 
SDS, 0 01% bromophenol blue, 20 mM 
dithiothreitol, and 10% glycerol. For each 
experiment, 1 8 ug proteins per lane were sepa- 
rated on 12% poiyacryiamide gels by elec- 
trophoresis and electrically transferred to 
PVDF membranes (Immobilon membranes, 
Millipore). Strips of PVDF were first incu- 
bated for 30 minutes with 1% BSA and 0*1% 
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Twcen 20 in Tns buffered saline (TBS) to sat- 
urate non-specific protein binding sites and 
then for 12 hours with the patient's serum 
dUuted in the same soiudon. After three 
washes with TBS-Tween 20 (0* I % v/v) and 
0-5% BSA, bound antibodies were disclosed 
by incubating the PVDF strips for rwo hours 
with biotinylated rabbit anrihuman IgG anti- 
serum (Jackson; Baltimore) diluted 1/1000 in 
TBS-1% BSA, rinsed for 3*15 minutes in 
TBS, and then incubated for one hour with 
streptavidin-pcroxidase (Jackson, Baltimore) 
1/2000 in the same buffer. The colour reaction 
was developed with di amino benzidine tetrahy- 
drochJoride. Apparent molecular weights were 
estimated from standards (Pharmacia). The 
presence of anti-Hu, anti-Ri, and anri-Yo anti- 
bodies has been confirmed separately by 
appropriate methods. 1 

Immunoprecipitavion 

Twenty microlirxes of the serum of patients 2 
and 5 and of a control serum were incubated 
for one hour at 4°C with 1 ml S3 fraction con- 
taining 1 mg protein. Protein A sepharose (20 
mg) was suspended in 200 £rt TBS, added to 
the mixture, and gently agitated at 4°C. After 
ooe hour, a cushion of 100 1M sucrose was 
applied to the bonom of the reaction tubes 
which were then centnfuged for five minutes 
at 10 000 g. The upper fraction was discarded 
along with most of the sucrose and the pellet 
containing the protein A sepharose was 
washed three times in 1 mi TBS and cen- 
trifuged at 10 000 g for five minutes. As much 
of the liquid fraction as possible was removed 
after each wash using a fine pipette. Finally, 
the protein A sepharose was resuspended in 
1 00 ii\ SDS-Page sample buffer containing 
DTT and incubated for 15 minutes at room 
temperature. Sucrose (100 mi, 1 M was added 
to the bonom of the reaction tube which was 
then centnfuged for five minutes at 10 000 g. 
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Denatured eluted proteins were recovered in 
the upper phase and sepharose in the lower. 
Samples of the superior phase were then 
analysed by western blot as described above. 

Results 

Among the 45 serum samples of patients with 
PNS, 17 did not have detectable antinervous 
system antibodies, 1 1 had anrineuronal nuclei 
antibodies (eight corresponded to anti-Hu 
antibodies by western blot and none to anti-Ri 
antibodies), seven had antibodies against 
Purkinje cells (five corresponded to anci-Yo 
antibodies by western blot). Furthermore, II 
patients had antibodies that reacted with a 
cytoplasmic antigen in a subpopulation of glial 
cells in the white matter according to a highly 
specific reproductible partem characteristic of 
antibodies that we have designated as anri- 
CV2. Among them, 10 were negative for anti- 
Hu, anti-Ri, and anri-Yo antibodies and one 
had anti-Hu antibodies. The same cytoplasmic 
glial labelling 

available from seven of these 11 patients. 
Among the 1061 control serum samples (from 
normal controls, patients with various neuro- 
logical diseases, and patients with cancers 
without PNS) only two serum samples 
labelled cells in the white matter with a pattern 
identical to that of the 11 aforementioned 
patients. One of them had metastatic small ceil 
lung cancer and the other malignant thy- 
moma. 

CLENICAL SYNDROMES 

Seven of the 11 patients with PNS and anci- 
CV2 antibodies were examined by either JH or 
JCA. The clinical records of the others were 
obtained from their physicians. Patients 1 and 2 
have been reported previously.' 3 14 The table 
summarises the data concerning the clinical 
symptoms, the results of CSF examination, 
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Patient 
no 




Drkry* 
(months) 


t 


66/F 


-24 


2 


5S/F 


- 1 


3 


49/M 


- 1 


4 


53VM 


+ 7 


5t 


69/M 


-6 


6 


70/F 


+ 3 


7 


60/M 


-20 


3 


69/M 


-5 


n 


61/M 


-2 


10 


72/F 


-4 




65/M 


- 1 



Cerebellar ataxia 
Sensory motor neuropathy 
Uveidi and retinopathy 
Limbic encephalitis 

Limbic encephalitis 

Myasthenia gravis 
En c epb alopa ch y 
FrootaJ dementia 
Cerebellar ataxia 
Sensory neuropathy 
Cerebellar ataxia 
Seaoory neuropathy 
Loss of vision 
Limbic cncepnalias 
Sensory neuropathy 
Cerebellar ataxia 
Senrory neuropathy 
Lambert-Eaton myasthenic 
rrndronic 
Cerebellar u taxi a 
Cerebellar ataxia 





CSF 












Tumour 


WCC 
(1mm*) 
(normai 
<2) 


Prouin 
(mg/lOOmJJ 
(normal 
<45) 


IgG 

(normai 
<I7) 


ohgodonai 
bands 


Antibody do* 

( immvnofluortsctJtcd) 

Scrum CSF 


UaduTeren dated carcinoma 


40 


53 


15% 


m 


1/15 000 


1/300 


Malignant tyrnphoepiiheuaJ 
thymoma 


36 


30 


ND 


ND 


1/15 000 


1/100 


SmaJl ceU lung carcinoma 


3 


62 


ND 


ND 


1/1000 


1/100 


Majignam lymphocptthetjal 
thymoma 

Small cell lung carcinoma 


7 
50 


30 
150 


ND 
20% 


ND 
No 


1/5000 
I/10O000 


ND 
1/2000 


Uterine sarcoma 


§ 


38 


23% 


Yea 


1/10 000 


1/100 


Small ceil tuns caranoma 


ND 


ND 


ND 


ND 


1/I0 0OO 


ND 


Small cell lung carcinoma 


200 


20O 


ND 


Yea 


mo ooo 


1/2000 


Small cell lung carcinoma 


< 2 


90 


12% 


No 


1/10 000 


1/1000 


Cervix uterus sarcoma 
Small cell lung carcinoma 


ND 
SO 


ND 
30 


ND 
25% 


ND 
Ye* 


1/5000 
i/15000 


ND 
ND 



Negaove quid ben indicate chat me neurological syudr. 
tAiaociated with an ano-Hu antibody (1/60 0O0> 
^Associated with an and VCCC-anabodv 
ND = not done. 



ome preceded the diagnosis of rumour. 
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Figure I Indirect immunoperoxidate on a six zueck old rat brainstem (ventral 
spinocerebellar tract) . (A) strut n from a patient with ant%~CV2 antibodies (pattern t at 
111 000 dilution) (original magnification * 200). Ant\-CV2 antibodies react miih the 
cytoplasm and processes of glial cells tn the white matter, (B) serum from a control patient 
without cancer or neurological disease at It 100 dilution (original magnificatiort * 200), 



and the associated tumours. Tn eight patients 
(1, 2, 3, 5, 7, 8, °, and 1 1), the neurological 
syndromes preceded the discovery of the 
tumour by one to 24 months. In the three 
patients (4, 6, and 10) in whom neurological 
symptoms occurred after the diagnosis of the 
rumour, the tumour was not in remission at 
that time. Seven patients had small cell lung 
cancer, rwo had uterine sarcoma, and two had 
lyniphoepithelial malignant thymoma. 

In three parients (2, 3, and 7), the main 
symptoms consisted of epilepsy and recent 
memory impairment which were highly sug- 
gestive of limbic encephalitis. In two of them 
(patients 2 and 3), brain MRI showed hip- 
pocampal high signals on T2 weighted 
sequences- Five parients (1 , 6, 8, 10, 11), had a 
prominent severe cerebellar ataxia. Two of 
them also had uveitis or retinopathy (patients 
1 and 6). Patient 4 rapidly became bedridden 
due to a severe encephalopathy with epilepsy, 
mutism, apragmatism, and stiffness. Patient 5 
had dementia, facial dyskinesia, and cerebellar 
ataxia. The last patient (9) had Lambert- 



Eaton myasthenic syndrome only. In addition 
to symptoms of CNS dysfunction, sensory or 
sensory-motor peripheral neuropathy was pre- 
sent in five patients (1, 5, 6, 7, and 8). 

Samples were obtained at necropsy for three 
parients (1, 5, and 8). Two patients (1 and 8) 
had severe Purkinje cell loss with slight but 
widespread inflammatory cell reaction and one 
(patient 5) showed a diffuse inflammatory 
encephalomyelitis. In these three patients, no 
primary demyelinating Lesions were found in 
the brain. 

IMMUNOHISTOCHEMISTRY ON RAT AND HUMAN 
BRAIN 

On adult rat brain, serum samples and CSF 
gave identical patterns by indirect immunoflu- 
orescence and immunoperoxidase methods. 
Anti-CV2 antibodies labelled the cytoplasm of 
cells in the white matter and their processes 
that sometimes surrounded myelinated fibres 
homogeneously (figs 1 and 2). Cell nuclei 
were always negative. The morphology of 
labelled cells and their clustering tike strings of 
beads along myelinated tracts suggested that 
they were oligodendrocytes. Double labelling 
showed that cells positive with anti-CV2 anti- 
bodies were also stained with Rip, a mouse 
monoclonal antibody specific for oligodendro- 
cytes (fig 3), 16 confirming this hypothesis. 

Cells stained with anti-CV2 antibodies were 
numerous in the spinal tract of the trigeminal 
nerve, the pyramidal tract, and the medial lon- 
gitudinal fasciculus of the brainstem (fig 4). 
Immunolabelled cells were also numerous in 
the cerebellar peduncles and cerebellar white 
matter, and in all the spinal cord tracts. 
Labelling obtained with the IgG fraction of 
four serum samples after biotinylation was 
identical (fig 2). No labelling of oligodendro- 
cytes occurred in the corpus callosum and 
cerebral cortex. 

The pattern of staining obtained with anti- 
CV2 antiserum was clearly different from that 
with anti-Hu antibodies which labelled the 
nuclei of neurons and at low dilution the 
nuclei of glial cells (data not shown). By 
immunofluorescence, the limiting dilution of 
anti-CV2 serum antibodies from the 1 1 
patients with PNS and the two positive 
patients with cancer and no PNS ranged from 
1/1000 to 1/100 000. The anti-CV2 antibody 
titre from the seven CSF samples available 
ranged from 1/100 to 1/2000. In the patient 
who also had anti-Hu antibodies (patient 5), 
serum anti-Hu antibody litre was 1/60 000 by 
our irnmunohistochemistry technique on rat 
brain whereas it was 1/100 000 for anti-CV2 
antibodies. In addition, four out of the 1 1 
serum samples of patients with anti-CV2 anti- 
bodies and PNS labelled cells in the subgranu- 
lar layer of the dentate gyrus of the 
hippocampus at 1/1000 to 1/10000 dilution 
(patient 1, 2, 7, and 11). At low dilution 
(1/100) some serum samples with anti-CV2 
antibodies labelled the cytoplasm of neurons 
in the thalamus, the cortex, or the hippocam- 
pus whereas no labelling was seen on adult rat 
liver, kidney, testes, ovary, spleen, and adrenal 
gland. 
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Figure 2 (A) 
Immunoperoxidase on a 
six twft old rat cerebellum 
xvith biotinylated [gO of 
patient 7 (I tighnl) 
(original magnification 
* 400). m = Molecular 
layer; g =• granular law, 
win - vhite matter. (B): 
Immunoperoxidase on u 
lix week old rat brainstem 
(spinal tract of the 
trigeminal nerve J with 
biotinylated IgO of patient 
7 (I ughnl) (% 1000). 
Some positive processes 
surround an axon (arrow ) 
suggesting that these cells 
are oligodendrocytes. 
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In developing rat embryo, from embryonic 
day 12 to birth all the anti-CV2 scrum samples 
specifically labelled cells and their processes in 
postmitotic regions of both the central and 
peripheral nervous system (figs 5A and 6) 
Neither proliferating cells in the ventricular 
zones and the outer granular layer of the cere- 
bellum nor non-neural tissues were stained 
By contrast, anri-Hu antibodies only labelled 
cell bodies in the same regions (fig 5C). Serum 

m^l , C ° ntro1 P adents °o staining at 

1/100 dilution (fig 5B). After birth, the stain- 
lag progressively decreased to a partem identi- 
cal to that m adult brain. 

We tested seven serum samples of the 11 
patients with PNS and anri-CV2 antibodies 
patients 1 to 7) by indirect immunoperoxi- 
dase on adult human brain. Four serum sam- 
ples (from patients I, 2, 5, and 7) which 

iIt!^A T C , br T " dictions, 
labelled glial cells in the white matter of the 
adult human brainstem and cerebellum (at a 
dilunon of 1/1000) with a partem similar to 
that m the rat brain (fig 7). The other serum 
samp es were negative as were the 30* control 
samples. 



tMMUNOSLOT 

Each serum sample was tested on different cel- 
lular fractions of adult and newborn rat brain 
P™"^' band of 66 kD apparent molecular 
weight was recognised at 1/100 dilution by all 
the 1 1 serum samples and the seven available 
samples of patients with PNS and the 
serum samples of the two positive patients 

C !"l er and n ° PNS ™» protein was 
Parncularty enriched in the S3 subcellular 
fraction of newborn rat brain. Thus this frac- 
tion was used to estimate the titre of the serum 
samples. Among all serum samples only two 
(paaents 6 and 10) were negative at 1/500 
diluDon (fig 8 ) and only three serum samples 
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Figure 4 Schematic distribution of CV2 posirrue cells an a section of rat brainstem. 

• High density ofCV2 positive cells and A low density of CV2 positive cells. 

4V - Fourth ventricle; 7n = facial nerve; 8n = vestibulocochlear nerve; CL - 

cerebellar lobules; icp = inferior cerebellar peduncle; LC = locus coeruius; mlf « medial 

longitudinal fasciculus; py - pyramidal Tract; RM = raphe magnus nuclei; 

rs = rubrospinal tract; sxp = superior cerebellar peduncle; sp 5 = spinal tract tngetmnal 

nerve; tz ~ trapezoid body; vsc « ventral spinocerebellar tract. 



remained positive at 1/1000 dilution (patients 
2,5, and the patient with small cell lung cancer 
and no PNS). The 66 kDa band was not 
stained by any of the serum samples in the S3 
fraction of rat liver. None of the 150 control 
serum samples (diluted at 1/100) reacted with a 
66 kDa band from the S3 fraction of new bom 
rat brain. 

Western blots of the S3 soluble fraction of 
adult rat brain showed lower levels of expres- 
sion of the 66 kDa protein than in newborn rat 
brain and three serum samples gave no stain- 
ing (patients 6, 8, and 10). 

In the S3 fraction of human embryo brain, 
nine of the 1 1 serum samples of patients with 
PNS and the serum samples of the two posi- 
tive patients with cancer and no PNS labelled a 
66 kD band at 1/100 and 1/500 dilutions. 
Patients 6 and 10 were negative. With the S3 
fraction of aduit human brain, six serum sam- 
ples (patients 2, 4, 5, 7, 9, and 11) reacted 
with a 66 kDa band with variable staining 
intensities whereas the other serum samples 
were negative. 

lMMUNOPRECIPITATION 

To test whether these serum samples recog- 
nised the same antigen, we imrnunoprecipt- 
tated the S3 soluble fraction of newborn rat 




Figure 5 Indirect immunofluorescence on transverse 
Prions of rat embryo (E22) at the level of the 
<,pmal cord (A) Serum from a 
antibodies (patient 2 at dilution 1/500). Ann-CV2 
antibodies react with the spinal cord, the dorsal root 
gangita. and the dorsal mots (arrow). Mitotic cells of the 
ventricular tone in the centre of the spinal cord are negative 
(original magnification * 50). (B) Serum from a normal 
Tubjeci at dilution I II 00. There is no labeOxng (original 
magnification * 50). (C) Serum from a patient wot i on«- 
Hu antibodies, dilution 11500. Postmitotic neural cells are 
labelled m the spinal cord and dorsal ganglia. Processes are 
negative (anginal magnification x SO). 
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fjf ,rr 7 Indirect immunoperoxiaase cm human 

fmtha*tvCV2 annbodtes (patunt 2) at 1I1Q00 dilution. 

axon (arrow) suggesting that positive cells are 

oligodendrocytes (original magnetism « 400). (B) 

P*oum j*r lane): serum from a patient mthcmri~CV2 
™!^t? UUd " S ™ <**™2). ^um^Z a pliant 

T£h7^'J? n60(h * S Muud 1/500 and an 

a^zihuman igO raoou antiserum diluted J//000 (fgO) a 
? f fraction of nets born rat brain; b ~ S3 fraction of 

Th*lL ' / S*f****°n ofaduiz human brainstem. 
The strum of partem 2 recognised a 66 kDa band in both 
human and rat bram extracts. The serum wuTanZriu 
annbodtes and the annhumon (gO rabbit ZuLZum „ 

Z*Z7 /0r tJ * 6 * kD **>*>* Bands ofabo^Th^on 
human extracts correspond to endogenous fgOs 



at, Anrmne, Derringum, Aguera, Behn 



bram wich che serum samples from patients 2 
and 5. On the immunoprecipitaced extracts 
the seven anu-CV2 antiserum samples tested 
(from pauents I to 7) recognised the 66 kDa 
band (weakly for scrum 6; fig 9) and the band 
was not recognised in either of the two scrum 
samples of normal control patients. No band 
was recognised by ann-CV2 serum samples in 
the extracts immunoprecipitated with the con- 
trol serum. 



Discussion 

The identification of the well characterised 
^^A dt ^ dicS ~ anli " Hu (ANNA-l), anti-Ri 
( ^£;Z h md CPCA-I>-associated 
with PNS relies on immunohistochemicaJ and 
western blot methods. 3 * Immunohisto- 
chemistry ,s usually performed on acetone 
ftxed secuons from human or rodent brain and 
only high serum dilutions are considered 17 
For western blot, appropriate antigen enriched 
preparations of purified neurons or fusion pro- 
teins are used anci developed at high serum 
diluuons. 5 However, many patients with PNS 
have no detectable anti-Hu, anti-Ri, or anti- 
Yo antibodies."-" Although the presence of 
other antmeuronal cell antibodies has been 
reported using these procedures, they usually 
concern individual patients.'*- 21 and many 
paoents with PNS have no detectable autoanti- 
bodies. Among these antibody negative 
paoents, the PNS could depend on a non- 
immunological process or could be mediated 
by cellular immunity. However, it cannot be 
excluded that antibody negative patients har- 
bour antincrvous system autoantibodies not 
shown by usual procedures— for example, 
anti-VGCC autoantibodies associated wich 
myasthenic Lambert-Eaton syndromes and 
small cell lung cancer cannot be shown by 
standard immunohistochemistry and western 
blot. 22 

To improve antigen preservation more than 
with acetone postfuced sections, we cried to 
detect antibodies by using sections from rat 
brain fixed by perfusion with paraformalde- 
hyde. With this technique, we identified a sub- 
group of patients with PNS, negative for 
ano-Hu, anti-Ri, or anri-Yo antibodies, whose 
serum samples labelled a particular subpopu- 
laaon of glial cells in adult rat brain, which we 
have designated as anti-CV2. For several rea- 
sons this pattern of staining cannot be con- 
fused with non-specific glial cell labelling 
reported at low dilution with normal control 
scrum samples or serum samples from patients 
with anti-Hu antibodies. 5 Firstly, anti-CV2 
antibodies only stained a subpopulation of 
glial ceils specifically distributed m the vrhite 
matter of the cerebellum, brainstem, and 
spinal cord. These were probably oligodendro- 
cytes as shown by double labelling with che 
Rip monoclonal antibody. Secondly, except in 
two patients with cancer, we never saw a simi- 
Jax pattern of staining in 1061 control scrum 
samples, even at low serum dilution (1/100). 
Thirdly, the staining obtained with anri-CV2 
anobodies was always found with high serum 
dilunon, ranging from 1/1000 to 1/100 000 
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Figure 8 Western blocs of 18 ng protein per lane of the S3 soluble fraction of new born rax 
brain incubated with serum samples (dilution I! 500) and discloud by immunoperoxidase. 
1 to 11 = Serum samples from patients with anti-CV2 antibodies and PNS. a and b =* 
serum samples from the two parients t one with small cell lung carcinoma (a) and the other 
(b) with malignant thymoma mho shouted anti-CV2 antibodies by immunohisaehemistry. 
c «* Control patients with neurological syndromes and no cancer. All the serum samples 
with the pattern of anti~CV2 antibodies by immunohistochemistry label a band of apparent 
molecular weight 66 kDa, except patients 6 and 10 who had uterine sarcoma. These two 
serum samples were positive at II 100 serum dilutum (data not shown). 



Fixation procedures were crucial for che 
detection of anti-CV2 antibodies, because we 
found no labelling with acetone fixed sections 
of rat brain 11 and obtained poor results with 
less stringent fixation procedures (data not 
shown). These results could explain the vari- 
ability of labelling on human brain sections, 
probably caused by postmortem loss of the 
antigen or to poor antigen preservation with 
posrfixation. Similar difficulties occur with 
serum samples from patients with HodgJtin's 
disease and cerebellar degeneration, tn these 
patients antibodies against Purkinje cells are 
sometimes more easily detected with mouse 
brain than with human brain. iJ However, 
despite variability in staining with the different 
serum samples, our results show that the CV2 
antigen is present in human brain. 



Immunoprecipitatlon 



67- 




Figure 9 SS fraction of new bom rai brain was unmunoprtcipttaud with the serum of 
patient 2. The immunoprecipitase was processed for western blot analysis and incubated 
with the serum samples of seven patients with anti-CV2 antibodies (lane I to 7) at U 100 
dilution. AH of them recognise the 66 kD band (arrow). Other bands correspond to 
denaturated immunoglobulins in the precipitate. Lane A is a western blot with the S3 
fraction of newborn rat brain incubated with the serum of patient 2. 



The progressive restriction of the labelling 
from a widespread staining of postmitotic 
neural cells in rat embryo to a subpopulation 
of glial cells in the adult suggests that CV2 
antigen is ontologicalJy down regulated. This 
regulation could explain the differences of the 
immune re activity by western blot between 
newborn and adult brain. Indeed, if all anti- 
CV2 serum samples recognised a 66 kDa band 
on newborn rat brain extract, the immunore- 
activity was different between serum samples 
with adult brain. Thus we used S3 subcellular 
fractions of new born rat brain for western 
blot. However, the- high sensitivity obtained by 
unmunohistochernistxy contrast with the lower 
sensitivity on western blot. On silver stained 
electrophoresis gels with newborn rat brain 
extract, the 66 kDa protein corresponds to a 
faint band suggesting that the amount of the 
antigen in the brain is small (data not shown). 
This suggests that this protein could be pre- 
sent in a low quantity in the brain which could 
explain the low sensitivity of western blot. 
Obviously, further work is needed to purify the 
66 kDa protein for routine western blots with 
higher serum dilution. The availability of a 
recombinant protein, currendy in progress, 
will probably improve the sensibility of west- 
em blots. 

Anri-CV2 antibodies are strongly associated 
with cancer, predominantly in patients with 
PNS. However, they do not seem to be spe- 
cific for one type of neurological disorder nor 
of one type of rumour. Indeed, although anti- 
CV2 antibodies seem to be mainly associated 
with small cell lung cancer, they occur in sev- 
eral cases with uterine sarcoma or malignant 
thymoma and a range of neurological syn- 
dromes including Lambert-Eaton myasthenic 
syndrome, limbic encephalitis, encephal- 
omyelitis, and cerebellar degeneration. 
However, all of these neurological syndromes 
are known to be paraneoplastic. 1 

One of the criteria proposed for the charac- 
terisation of antibodies associated with PNS is 
that these antibodies should react with neu- 
rons in regions corresponding to the neurolog- 
ical syndrome.' 7 This presupposes that the 
antibodies are the primary mediator of the 
immune attack. For the moment, this hypothe- 
sis needs confirmation. 2 Indeed, although 
some data suggest that anti-Hu antibodies 
could provoke lysis and subsequently- neuronal 
death, 24 other studies failed to confirm this 
hypothesis. 25 Alternatively, the antibodies may 
be only part of a complex autoimmune reac- 
tion involving several tumour and brain anti- 
gens and several effectors of humoral and 
cellular immunity. 2 * Thus a polyclonal activa- 
tion of B cells could lead to the production of 
antibodies that are not directly involved in the 
autoimmune process. 4 Antistriated muscle 
antibodies are a good example of this phenom- 
enon in patients with myasthenia gravis and 
thymoma. 27 Whether anti-CV2 antibodies 
result from a polyclonal activation or are 
directly involved in the PNS remains to be 
established. Anri-CV2 antibodies react, in 
adult brain, with a subpopulation of oligoden* 
drocytes, a cell class that is not considered to 
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be che usual target of the immune arrack in 
PNS. Thus suggests that anri-CV2 antibodies 
could result from an incidental immunological 
reaction. In addition, one patient had both 
anti-Hu and anti-CV2 antibodies, arguing in 
favour of a polyclonal activation. 

However, whatever the physiopathological 
relevance of anti-CV2 antibodies, their detec- 
tion is valuable in the diagnosis of PNS. 
Indeed, 10 out of the 11 patients with PNS 
and anti-CV2 antibodies were negative for 
anti-Hu, anti-Ri, or anti-Yo antibodies. In 
four cases investigated before the discovery of 
the tumour, the detection of anti-CV2 anti- 
bodies predicted the presence of a cancer with 
the high probability chat it was a small cell 
lung cancer. This was confirmed in each case 
by the discovery of mediastinal lymph nodes 
on chest CT. Lf a chest CT is negative for thy- 
moma or metastatic lymph nodes, patients 
with ano-CV2 antibodies should be preferen- 
tially investigated for uterine sarcoma. 
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Trie control of neuritic extension and guidance is critical for 
the development, maturation, and regeneration of functional 
neuronal circuits. We identified a neuronal 64-85 kDa phos- 
phoprotein, the expression of which in mouse brain is iregu- 
lated during development, reaching a peak at -5 d postna- 
tal -whefi maturation of neurons and synaptic connectibns is 
highly active. The amino acid sequence of the mouse protein 
deduced from its cloned cONA reveals similarities with that 
of the neuritic outgrowth- and guidance-related product of 
the unc-33 gene in Caenorhabditis elegans. The regulation of 



its phosphorylation in response to nerve growth factor, as 
well as its localization in neurites and growth cones and at 
the neuromuscular junction, further indicates that Ullp (for 
Unc*33-!ike phosphoprotein) is not only a structural but likely 
is also a functional mammalian-riomolog of Unc-33, poten- 
tially involved In the control of neuritic outgrowth and axonaJ 
guidance. 

Key words: neuronal development; axonal guidance; neuritic 
elongation; Ulip; unc-33; hydantoinases; toad~64; crmp-62; 
phosphoprotein; PC12 ceils; neuromuscular function 



The development of the nervous system requires, after prolifera- 
tion and migration of neuronal precursor cells, the growth of 
neuritic processes and their guidance toward the appropriate 
targets with which they will establish synaptic contacts. Several 
intracellular proteins, the expression or regulation of which could 
be related closely to neuritic growth and its control, have been 
characterized (for review, see Skene. 1989). Genetic screening of 
mutants impaired in the proper targeting of neuronal circuits in 
invertebrates such as Caenorhabditis elegans (White et ah; 1986) 
yielded a large set of mutants exhibiting abnormal, uncoordinated 
(unc mutation) movements (Brenner, 1974; Swanson et al.,:i984). 
Aside from mutations in genes coding for muscle proteins, pro- 
teins implicated in migration of precursor cells, neurotransmitter 
release, and synapse formation, several mutations resulting in 
axonal outgrowth defects were identified (Hedgecock et at, 1985; 
Desai et al., 1988; Siddiqui and Culotti, 1991; Mclntirej et al., 
1994). Some of these correspond to extracellular guidance* mole- 
cules such as unc-6 (Desai ct al., 1988; Mclntire et ai. T 1994) for 
which netrins have been identified recently as their mamma- 
lian homologs (Serafini el al. t 1994), whereas others like unc-33 
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(U ct ai., 1992) or unc-44 correspond to intracellular, often 
cytoskdeton-associated or related proteins (Otsuka et al., 1995). 

In our own search for proteins involved in the relay and inte- 
gration of intracellular signals triggered by extracellular regula- 
tory factors, we identified stathmin (Sobel, 1991), a small, ubiq- 
uitous, and cytosolic phosphoprotein that is highly expressed in 
neurons of the developing brain (Chneiweiss et al., 1989; Koppei 
et al., 1990) and is phosphorylated in response to growth and 
differentiation factors such as nerve growth factor (NGF)"(Doye 
et al., 1990). It is the generic member of a highly conserved 
protein family (Maucuer et al., 1993) that includes the neuronal 
differentiation-related protein SCG10 (Anderson and Axel, 1985; 
Stein et al., 1988). 

We have observed previously that a rabbit polyclonal antibody 
originally directed against an internal peptide of stathmin also 
recognized a 64 kDa brain -specific phosphoprotein (Koppel et al., 
1990). This protein is highly expressed in the neonatal mouse and 
is downregulated in the adult, therefore appearing to be impli- 
cated potentially in the development of the nervous system. We 
report in this study the further molecular purification and char- 
acterization of this phosphoprotein, as well as the molecular 
cloning of its cDNA. The corresponding amino acid sequence 
reveals similarities with that of a bacterial hydantoinase and with 
the neuronal development-related gene product of unc-33 in C 
elegans; we therefore designate the mouse protein as Ulip (for 
Unc-33-like phosphoprotein). Mutations in the unc-33 gene were 
shown to result in neuritic outgrowth and guidance defects 
(Hedgecock et al, 1985; Hedgecock et al.. t987; Desai et aU 
1988). Ulip appeairs also to be part of a Unc-33- related protein 
family, another member off which is represented by the toad-64 
protein identified recently in rat (Minturn et al, 1995) and the 
chick crmp-62 protein (Goshirna et aL, 1995), which was published 
after submission of this paper and was proposed to be involved in 
the intracellular response to coHapsin. Together with the molec- 
ular properties of the mouse Ulip protein, our present character- 
ization of its biological expression and regulation in neuronal cells 
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suggests that it is most likely a functional mammalian hj)rnolog of 
the unc-33 gene product, which suggests further that it partici- 
pates in the control of neuritic outgrowth and axonal| guidance 
during the development and regeneration of the rnammalian 
nervous system. j 

MATERIALS AND METHODS j 

Materials \ 
Swiss mice were from the local breeding facility. Frozen brain samples from 
postmortem humans were provided by Dr. F. Javoy-Agid (TNSERM U289, 
Paris, France). DEAE-Sepharose CI-6B. phenyl-Sepharose CHB, nucleic 
acid purification (NAP)-25 columns, an electrophoresis molecular weight kit, 
an isoelectric focusing calibration kit, and ampholines were froni Pharmacia 
(Uppsala, Sweden). The dT- primed Uni-Zap cDNA library from whole 
neonatal mouse brain and the helper phage kit were from Stratagene (La 
Joila, CA). The prokaryotic pETIS> vector expression kit was from Novagen 
(Madison, WI). The Sequenasc Version 2,0 DNA-sequencing ill was from 
United Stales Biochemical (Cleveland, OH). PC12 cells were purchased 
from the American Type Culture Collection (Rockvuie, MD), culture media 
and fetal calf serum were from Gibco (Epagny. France), and horse serum 
was from Serovial (Vogelgrun, France). Other materials wcrejobtained as 
follows. Aprotinin, pepstatin, leupeptin. urea, dithiothreitol, Trizma, aga- 
rose, isopropylthiogalactosidc (1PTG), and phenol were from Sigma 
(Deisenhofen, Germany). Restriction enzymes, T4-DNA ligase^ and polynu- 
cleotide kinase were from New England Biolabs (Beverly, MA). Calf intes- 
tine alkaline phosphatase and NGF were from Boehringcr) Mannheim 
(Mannheim, Germany). Reagents for poly aery (amide gels, serim albumin, 
and casein were from Scrva (Heidelberg, Germany). Ammonium sulfate, 
silver nitrate, and other standard reagents were from Prqlabo (Paris, 
France). SDS was from Ruka (St. Quentin-Fallavier, France). jl^PjATP, 
,15 MabeIed protein A, the Megaprimc DNA-labeling system, jand electro- 
generated chemiluminescence (ECL) Western blotting reagents were from 
Amersham (Buckinghamshire, UK). | 

Methods 

Partial purification of Ulip. Partially purified Ulip was obtained from 
neonatal mouse brains through three purification steps. Neonatal 
mouse brains (800; 70 gm) were homogenized with a Polycron homog- 
enizer in 4 vol of homogenization buffer (25 mM Na phosphate, pH 7.8, 
1 mM EGTA, 10 u.g/ml leupeptin. 25 ^-g/ml aprotinin, arid 10 *tg/ml 
pepstatin). Homogenates were centrifuged for 10 min at 4000 X g. 
Pellets were resuspended in 2 vol of homogenization buffer, homoge- 
nized, and centrifuged as before. The supernatants of the (two centrif- 
ligations were assembled, sonicated, and centrifuged for 1 hr at 100,000 
x g. The supernatant (S2) was loaded on a DEAH-Scpharose C1-6B 
column (1.75 cm 2 x 26 cm) equilibrated with 100 ml of buffer A (25 mM 
Na phosphate, pH 7.8, I mM EGTA) at a flow rate of 30 ralftir. Proteins 
were eluted in 300 ml of a linear gradient of 0-250 mM NaCl in buffer 
A, and 5 ml samples were collected. The Ulip-containing fractions were 
pooled, and solid ammonium sulfate was added up to 20* saturation. 
This pool was loaded on a phenyl-Sepharose CMB colucan (1.75 cm : 
x 22 cm) that was equilibrated previously with 100 ml of buffer B (10 
mM Na phosphate, pH 7.8, I mM EGTA) containing 20% saturated 
ammonium sulfate. The proteins were eiuted in a decreasing linear 
gradient from 20 to 0% saturated ammonium sulfate in buffer B. The 
Ulip-containing fractions were pooled and dialyzed twice algainst 20 vol 
of buffer A. The proteins were concenirated on a sniall (10 ml) 
DEAE-Sepharose CI-6B column and eluted with 400 £im NaCl in 
buffer A. The eluatc was desalted on a Sephadex G-25 (NAP-10) 
column and concentrated further to a final volume ojf 0.5 ml by 
evaporation. In the final purification step, the concentrated fraction 
was chromatographed in three successive runs on two serially con- 
nected Superose 12 fast protein liquid chromatography j(FPLC) col- 
umns in buffer C (50 mM Na phosphate. pH 7.2, 150 roM NaCl) at a flow 
rate of 0.3 ral/min. Fractions (0.6 ml) were collected, and l^lip-enriched 
fractions were pooled and used for further analysis. The presence of 
Ulip at the successive purification stages was tested by one!»dicnensional 
Western blot using the cross- re active anti-stathmin antibody. Proteins 
were quantified using the method of Bradford (1976). | 

PAGE. One-dimensional electrophoresis was performed on 13% poly- 
acrylamide gels according to Lacmmli (1970). Two-dimensional PAGE 
was performed as described previously (Sobel and Tashjidui. J r -. 1983). 
The isoelectric focusing gels contained 2% total ampholines, pH 6-8 and 
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3-10 at a ratio of 4:1. The second dimension was run on 10% acrylaraide / 
gels. Proteins were either immunoblotted (see below) or silver-stained as 
described previously (Sobel et ai M 1989). 

Western blot analysis. Proteins were transferred from gels onto nitro- 
cellulose in a seraidry electroblotiing apparatus; maximal recovery of Ulip 
was achieved in 48 mM Tris and 39 mM glycine buffer containing 5% 
methanol, instead of 20%, for optimal stathmin transfer. The membrane 
was saturated with casein (2.5%) in immunoblot solution (12 mM Tris- 
HC1, pH 7.4, 160 mM NaCl, 0.1% Triton X-100) and probed with either 
an antiserum against peptide I of rat stathmin (1:10.000) (Koppel et al., 
1990) or an antiserum against recombinant Ulip (1:20,000) diluted in 
immunoblot solution containing 1% casein. Bound antibodies were de- 
tected either with '"Mabeled protein A and autoradiography or with 
peroxidase-bound anti-rabbit antibodies and the ECL kit (Amersham). 

Protein sequence analysis. U lip-enriched fractions were separated on 
two-dimensional poly aery I amide gels. Gels were fixed for 30 min in 25% 
ethanol and 10% acetic acid and stained for 3 min in 0.1% amidoblack in 
1% acetic acid and 40% methanol. Gels were destained in 1% acetic acid, 
and the spots corresponding to the major form of Ulip were cut out from 
three gels, pooled, and digested with 2 mg/ml endoprotease Lys C. The 
peptides eluted from the gel then were separated by HPLC on a DEAE- 
C18 column with a gradient of 0-55% acetoniirile in 0.1% trifluoroaceiic 
add. Five clearly separated peptides (I-V) were microsequenced by 
automatic Edman degradation. 

cDNA library screening. Molecular genetic procedures were performed 
according to standard protocols (Sambrook et al, 1989). Two degenerate 
oligonucleotides corresponding respectively to peptides V and fV were 
synthesized (Genset, Paris, France): 5'-TC(T/QTCIACICC(A/G)TnG- 
TICC(T/C)TCIGGlATlGCIGT-3' (OH-l); and 5'-TTICC(A/G)TCIG- 
CCCA(T/C)TCIC(G/T)CCA(T/C)TT-3' (CMi-2). Phages (7.5 X 10 5 ) from 
a Uni-Zap neonatal mouse brain cDNA library were screened with the 
two "P-end-labeled oligonucleotides (-2.5 x 10* cpm/pmol). The final 
washes were performed in 2X SSC (lx SSC: 150 mM NaC, 15 mM Na 
citrate. pH 7) containing 0.1% SDS at 6tTC (Oli-1) and 55°C (Oli-2). 
Primary screening with Oli-1 identified no clearly positive clone, whereas 
14 positive clones were identified with Oli-2 (frequency, -1/5000 clones). 

Nucleotide sequencing. The Bluescript plasm id vector con taming the 
EcoRI and Xhoi inserts was excised from the phage genome using the 
ExAssist helper phage (Stratagene) and was introduced into the SotR strain 
of Escherichia coti as described by the manufacturer (Stratagene). Twelve 
clones with inserts from 1300 to 2100 bp were analyzed further. Restriction 
analysis and sequencing from the two ends showed that these clones differed 
only in the length of their 5' ends. Alul fragments of the longest insert were 
subdoned into Bluescript and were sequenced fully by the Sanger dideoxy- 
termination method (Sanger et aL, 1977) using T7 and T3 complementary 
primers and a modified T7 DNA polymerase (Sequenase), Eight additional 
Ulip-specific oligonucleotides were used to verify the order and the orien- 
tation of the subcloned fragments in the entire cDNA insert. 

Bacterial expression of recombinant Ulip. An Ndel restriction site was 
introduced into the cDNA coding for Ulip by PCR at the putative ATG 
translation start site: this was carried out using an oligonucleotide con- 
taining the mutated sequence (AATCGCCTATGTCCTACCAGGG- 
CAAGAAG) and an oligonucleotide 3* to the Aaxil site (TAAG- 
G CATCTGG AA GTGGGT) . The mutated PCR product and the original 
Aatll-Xhol fragment of the Ulip cDN A were ligated into the Ndel-XhoU 
digested pETl9 vector. Nova-Blue bacteria (Novagen) were transformed, 
and ampicillin-resistant strains were selected for Ulip cDNA inserts and 
sequenced to verify ligation sites and the PCR product. A BL-21 £ cott 
strain then was transformed with Ulip cDNA-contaihing vectors, and 
expression was induced with 5 mM IPTG. Almost all of the His-taggcd 
Ulip protein produced was found in nonsoluble inclusion bodies. The 
protein was dissolved in a buffer containing 6 m urea, and the protein was 
purified further on a His-Bind column as described by the manufacturer 
(Novagen). 

Northern blot analysis. Total RN As were isolated from several tissues as 
described previously (Taylor et al., 1986). RNAs were separated on an 
agarose gel containing formaldehyde (Sambrook et ai., 1989), transferred 
to a Hybond N membrane (Amersham) in 20x SSC and stained with 2% 
methylene blue. The blots were probed with a multi-prime- labeled (-1.5 
x 10 6 cpm/fig DNA) EcoRV-Xhol fragment of the Ulip cDNA. Final 
washes were performed in 0.1 x SSPE (lx SSPE: 150 mM NaO, 9 mM Na 
phosphate, I mM EDTA) and 0.1% SDS at 

Antiserum production. Rabbits were immunized with I mg of syntheuc 
peptide V (Neosystem, Strasbourg. France) coupled to keyhole limpet 
hemocyanin or with 0.1 mg of recombinant Ulip in complete Freund's 
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adjuvant and boosted 4 weeks later with half the amount of peptide 
(protein) in incomplete Freund's adjuvant. 

Cell culture. PC 12 cells were grown in RPNfl 1640 supplemented with 
10% horse serum, S% fetal calf scrum, 2 mM glutamine, and SifLg/mJ 
gentaraycine. Cells were passaged using 0.025% trypsin and I mM EDTA 
in phosphate-buffered saline (PBS). For induction of differentiation, 20 
ng/ml 2SS NGF was added to the cultures. Differentiation usually was 
induced during 3 d. For two-dimensional PAGE analysis, celis| were 
scraped from the culture dishes in PBS. They were centrifuged for 10 rnin 
at 1500 x g and sonicated in 3 vol of homogeni2aiion buffer containing 50 
mM Tris-HCl, pH 7.2, instead of Na phosphate. 

Immunofluorescence procedures. PCI 2 cells were fixed in methanol at 
-20°C (6 rnin) and treated with blocking solution containing 3% bovine 
serum albumin (BSA) in PBS (3 times, 10 min each). The cells were 
incubated (1 hr) with the antibodies diluted in the blocking buffer and 
washed with PBS containing 0.1% Tween 20. Fluorescein-conjljgated 
goat anti-rabbit antibodies (Tago, Burlingarne, CA) were used to! reveal 
anti-Ulip antibodies, and rhodamine-conjugated antibodies (Biosys, 
Compiegne, France) were used to reveal anti-neurofilament (68 kDa) or 
anti-tubulin antibodies (Sigma). ! 

Striatal neurons from 20 d gestational rat embryos were cultured for 8 
d and then fixed in 2% p-form aldehyde in PBS containing 1 mM Ca 2 * for 
30 min at 4°C. This was followed by another incubation in 0.1% glycine 
and 0.1% Triton X-100 in PBS for 30 min at room temperature. Incuba- 
tions with antibodies were performed as for PCI 2 cells. J 

Control iiumuuciabeling experiments were pcrforrrscd using j cither 
pre immune serum or serum preincubated with the recombinant Ulip 
antigen (10 jig protein/jil serum): j 

Lmmunostaining procedures on muscle tissue were performed las de- 
scribed previously (Cifuentes-Diaz et ai., 1994). Briefly, frozen adult muscles 
were cut at — 28°C Cryostat sections (6 /xm) were incubated directly for 1 hr 
with the anti-Ulip antiserum diluted 1 : 500 in blocking solution, washed (1 hr) 
in PBS containing 0.1% Tween 20, and incubated with ftuorjescein- 
conjugated an ti- rabbit antibodies (dilution 1:100). After washing, prepara- 
tions were treated with rhodamine-conjugated cr-bungaroronn (1:1000, Mo- 
lecular Probes, Eugene, OR). \ 

For immunostaining of whole-mount-teased fibers, small bundles of 
fixed (1% p-formaldebyde) muscle fibers were incubated first witft 0.1 m 
glycine in PBS (30 min) and then with 3% BSA and 0.5% Triton) X-100 
in PBS (30 min). They were incubated next with anti-Ulip antiserum 
(1:500) overnight at 4°C, washed, and incubated with secondary ahjtibody. 
The specificity of the staining was assessed by the omission of the primary 
antibody or by the use of preimmune serum. Preparations were observed 
with a conventional fluorescence microscope or with a confocal laser 
scanning microscope (MRC-600, Bio Rad, Hercules, CA) mounted on an 
Optiphot II Nikon microscope as described previously (Mege:| et al., 
1992). ! 

RESULTS | 

Ulip is a phosphoprotein present in mouse brain as at 
least two different isoforms j 

Two-dimensional Western blot analysis of the soluble fraction of 
newborn mouse brains showed that an antiserum raised against a 
peptide corresponding to stathmin residues 15-27 recognized, in 
addition to the characteristic stathmin spots in the region ofj 19-20 
kDa, three spots corresponding to a more basic protein with ax M r of 
-64 kDa (Fig. \A) (Koppei ct al. 1990). This protein, originally 
designated P60 and which we propose to name Ulip (see introduc- 
tory remarks), was found in the high-speed supernatant of ainouse 
brain extract but, unlike stathmin, it was precipitated after boiling. 

The molecular characterization of Ulip based on its identifica- 
tion with the anti-stathmin antiserum allowed the production of 
two rabbit polyclonal sera specific for this protein; (i) an anti- 
serum raised against synthetic peptide V corresponding jto the 
sequence of an internal peptide of Ulip; and (2) an antiserum 
raised against a recombinant protein produced in bacteria. As 
shown in Figure IB, both antisera recognized the Ulip protein in 
the brain and showed no cross-reactivity with stathmin. Because 
of its higher sensitivity and specificity, ihe anti-recombinaat Ulip 
antiserum was used primarily for further investigations. Neverthe- 



less, the results obtained with this antiserum always could be 
reproduced qualitatively with the antiserum raised against the 
synthetic peptide. 

Ail three available antisera recognized several spots corre- 
sponding to various molecular forms of Ulip on two-dimensional 
immunoblots of a neonatal mouse brain-soluble extract (Fig. 1C). 
Two groups of spots were recognized by the various antisera in 
brain extracts: group A, with an M r of —64 kDa, and group B, with 
an M t of —70 kDa. The anti-stathmin antiserum detected three 
increasingly acidic forms within group A, with isoelectric pH (pi) 
values of 7.1, 6.9, and 6.8 (spots 3, 4b, and 5, respectively). In 
addition, the anti-Ulip antiserum allowed the detection of addi- 
tional spots in group A (spots 1, 2, 4a, and 6), as well as spots in 
group B. The protein forms of both groups migrated with a similar 
pi pattern, differing only in spots 1 and 6, which could not be 
detected in group B, and in spot 4, which appeared as a doublet (a 
and b) in group A, whereas only spot 4a could be detected in 
group B. 

Spots 1-6 migrated at isoelectric points differing by —0.1 pH 
unit from each other, corresponding approximately to the charge 
brought by the addition of a phosphate group. The difference 
between the isoelectric points of A4a and A4b is too small to be 
explained by an additional phosphate group and, therefore, cor- 
responds more likely to another type of post-translationai 
modification. 

The acidic forms 1-6 of both groups A and B could be con- 
verted mostly to two more basic forms (pi — 7.4), designated A N 
and B N , respectively, after treatment with alkaline phosphatase 
for 10 min at 37°C (Fig. 1C). Furthermore, the in vitro phosphor- 
ylation of the partially purified fraction of Ulip with protein kinase 
A (PKA), casein kinase II, or cdc2 kinase produced radioactive 
spots corresponding to forms A1-A5 (data not shown). The acidic 
forms 1-6, therefore, correspond to increasingly phosphoryiated 
states of the corresponding nonphosphorylated forms N. To- 
gether, these observations indicate that groups A and B eorre- 
spond most likely to the various unphosphorylated (N) and phos- 
phoryiated (1-6) states of rwo isoforms of Ulip. Of interest, a 
third isoforra (C) with an M r of -85 kDa was recognized by all 
three antisera in the rat PC12 pheochroraocytoma cell line, as 
described below (see Fig. 6). 

Because the B isoform is not recognized by the anti-stathmin 
antibody, whereas it is detected with both the anti-peptide V and 
the anti-recombinant Ulip antisera, it lacks the stathmin-related 
epitope. This could be the result of a post-translational modifica- 
tion of alternative splicing, or of the expression of a second, 
closely related gene. Because the lower M T form is recognized by 
the anti-stathmin antiserum, one can exclude the possibility that 
isoform A is a result of a proteolytic degradation of isoform B. In 
agreement with this, the recombinant Ulip protein, which con- 
tained an additional 20 amino acid "His" tag (see Materials and 
Methods), migrated only slightly above the A isoform and clearly 
below the B isoform on SDS gels (data not shown). 

Partial purification of Ulip and cloning and sequencing 

of a correspondflng cDNA 

Partial purification of UUp was achieved from neonatal mouse 
brains, where it is most abundant. Brains were homogenized, and 
a high-speed supernatant was prepared and chromatograpbed on 
a DEAE-Sepharose column (see Materials and Methods). Ulip 
eluted in a single peak between 110 and 220 mM Nad. It then was 
chromatographed further on a phenyl^Sepharose column in a 
decreasing linear gradient from 12 to 2% ammonium sulfate 
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Figure L A, Twc^imensional PAGE and imrminoblot analysis of a mouse-brain-soluble fraction. A soluble protein «tra« from neonatal ^J™* 
of protein) was eiectrophoresed on rwo^limensiopal gels (pH 6-8, 13% r^ryacrylamider and either ^^ d J^\^ J^J"? 
^SlS oTwd Subjected ^'immunodetection with an< anti-stathmin antiserum <^> h *^ 

Characterization of specific anti-Ulip antisera. An rise ra were,; raised specifically against UUp by mjectmg nUnts cither ^^^^^^ 
the recombinant Ulip^otcin. Tne soluble fraction from neonatal mouse brains (13 «of protein) ~'~ l J?*5^ 

irmnunoblotted with anti-siathmin (1:10.000 dilution), anti- recombinant UUp (1:20,000) or anti-pept.de V ^9^^^^^^^^^ 
directed against the recombinant UUp is the most spedfic (see UUp), Su • f0r ™ ^r^^ 

Mg) from ^soluble fraction of a neonatal mouse brain hordogenate was separated by two^imens^nal PAGE <P H J* 8 ' ^ 
Sfotcin was revealed with the indicated antisera (same dilutions as in a* Two ^oups of fern. 

(group B) are indicated, as are the corresponding nonphospftorylated (AO and phosphorylatcd (/>) forms. The P*2^j£*™ 
Utery according to their degree of phosphorylation. The form number 4 seems to be subdivided further m a and b. ^^^^J^^^ w 
National modificatfon (see text) P All of the forms recognized by the a nti- recombinant UUp also ^^^J^^S^ to^SH 
Suta not shown). Control, untreated brain homogenate; phosphatase. 20 U of alkaline phosphatase was added ^ the p^tcm fraction and iikud 
3rC for 10 min, resulting in the conversion of most phospfjorylated forms of Ulip toward their unphosphorylated states N A ami <n b . 



saturation. After desalting and concentration, this peak was puri- 
fied further by molecular sieve, FPLC chromatography on Super- 
osc 12HR. The resulting Ulip fraction was enriched —100-fold 
compared with the original soluble fraction of the neohatal mouse 
brain (data not shown). j 

The enriched Ulip-fraction proteins were separated by two- 
dimensional PAGE, the A3 spot of Ulip was cut out, and the 
sequences of five internal peptides were determined (pig. 2). Two 
degenerate oligonucleotides (Oli-1 and OU-2) based on the re- 
spective sequences of peptides V and IV were us<d to screen 



750,000 clones of a neonatal mouse brain Uni-Zap cDNA library 
at high stringency. Oii-1 yielded no clearly positive clones 
whereas Oli-2 detected 14 positive clones, all of which container. 
1500- to 2000-bp-long inserts that differed only by the length o 
their 5' ends. 

The longest sequence identified is presented in Figure 2. 
displays an open reading frame (ORF) with a translation initiatioi 
consensus sequence (Kozak, 1987) upstream of an initial ATG 
The ORF codes for a protein of 570 amino acids, which contain 
the sequences of all five peptides that were sequenced earhe 
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0FVAVTSTNAA.K ifnlyprkcr IA 402 

GTC GCC TCT CAC ACC CAC CTT CTC ATC TCC CAT CCA GAT GCC TTC AAC ATT CTC TCT GCC AAG AAC CAC CAG 1587 

VGSDSOLV rwOPOALXIVSAKNHQ 426 

tcc ctt ccc caa tac a ac atc ttt caa gcc atc gag ctc cct cct cca cct ctc ctc ctt atc tcc cag ccc 1659 

svaeynifechelrcaplvvicqc 450 

aag atc atc ctc caa gat ccc aac ctc cac ctc acc cac ccc cct ccc ccc ttc att ccc tcc ac c cca ttc 1731 

KIMLEDCNLHVTO-GACRFE |^lP^^^^f|^ :: ^^E:| f < 14 



TCT CAC TAT CTC TAT aaC CCC ATT AAA CCA ACC ACC AAC ATC CCA CAC CTC CAT CCA CTC CCA ACA GCC ATC 1803 
SOYVYKR I K ARRKMADLHAVPRCH 4 98 

TAT CAT OCA CCA CTC TTT CAC TTC ACC ACC ACC CCC AAC GCC CCC ACC CCA CCT CCC TCT ACT COG CCC TCT 1875 



CCC ACT CCG CCA AAC CCC CCA CTC AGC AAC CTC CAT CAC TCA OCA TTT ACC CTC TCA CCC ACC CAA CTG ^ gAT 1947 

PTRPMPPVRWLHQSCrSLSC Wl^ ^^^MM 5<J6 

CAC CCT CTC CCC TCA CCT ACC AAA CCC ATT CTG CCA CCC CCT CCA CCC CCT TCT AAC ATC ACA TCC CTC ACT 2019 

|5] G V E'gff?::1&- Vv-fti, d KRIVAPPCGRSNITSUS 570 



caagcccccccaaagagggaggcagaagcaaaaaaaaaaaaaaaaaacccgaggggg 



2076 



Qyk et al. • Uttp: Neuronal Developmani 



# 



Pnospnop^otein 



from purified Ulip. indicating that it indeed encodes this protein. 
There is no significant homology between the sequences of Ulip 
and stathmin, suggesting that the cross-reactivity with the anti- 
stathmin antiserum affected only a restricted epitope and, thus, 
was fortuitous. The calculated molecular mass of the protein 
corresponding to the identified sequence is 61,940 Da, and its 
theoretical pi is 6.3. It is hydrophilic and contains several pre- 
dicted a helices and 0 sheets, but none of them of extensive 
length. 

In agreement with the observation that Ulip is a phosphopro- 
tein in vivo, its sequence displays consensus sites for several 
protein kinases (Fig. 2, shaded boxes) such as PKA (S363, S522, 
and S553), casein kinase 11 (T84, S226, and T543), and "proline- 
directed" kinases such as cdk or mitogen-activated protein kinase 
(MAPK) (S308, T313, and $472). This is also in agreement with in 
vitro phosphorylation results indicating that the partially purified 
Ulip protein is a good substrate for casein kinase II, cdc2, and 
PKA (data not shown). 

Molecular conservation of Ulip and sequence 
homologies with a o-hydantoinase and Unc-33 

A search for protein sequence homology in the GenBank data- 
base revealed that the Ulip amino acid sequence is 77% identical 
to that of the rat neuronal protein designated toad-64 (accession 
number Z46882) (Minturn et a!., 1905). This protein, therefore, 
likely is a member of the same protein family as Ulip (see also 
Discussion). 

Databank screening also revealed several short, Uhp-related 
human fetal brain-expressed-sequence tags (ESTs) (Adams et aL, 
1993), which cover three domains (EST I, EST //, and EST HI in 
Fig. 3) that together represent more than half of the Ulip se- 
quence. There is a high degree of similarity between the corre- 
sponding regions of the mouse Ulip and the human EST-derived 
amino acid sequences (81, 76, and 96% identity within EST 
domains I. 11, and III, respectively). Furthermore, the anti-Ulip 
antiserum recognized a protein with an M r of 64 kDa on a 
Western blot of a human brain extract, as in the mouse (data not 
shown). Therefore, it is likely that the EST sequences correspond 
to one or more human proteins of the Ulip protein family (see 
also Discussion). 

GenBank database screening also revealed homologies with 
sequences from more distant species: a bacterial o-hydantoinase 
(Jacob et aL 1987), and the product of the unc-33 gene from the 
nematode C eiegans (Li et aL 1992) (Fig. 4). : 

The amino acid sequence of the Pseudomonas puiidn 
D-hydantoinase covers approximately three quarters of the Ulip 
sequence (residues 14-469), with nearly 40% identity. 
r>Hydantoinases catalyze the hydrolysis of o-5-monosubstituted 
hydantoins and D-dihydropyrimidines to yield the corresponding 
N-carbamyl-D-amino acid (Syidatk et aL, 1990). In preliminary 
experiments, no D-hydantoinase activity was detected with recom- 
binant Ulip produced in bacteria. 

The amino acid sequence of the C elegans unc-33 gene 
product covers nearly the entire length of Ulip with 33.5% 
identity. It has been proposed that Unc-33 plays: a role in 
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agonal guidance and outgrowth in C elegans (Desat et aL 1988; 
Mclntire et al., 1994). Animals bearing the mutated gene are 
severely uncoordinated, almost paralyzed, and are partially 
egg-laying-defective. The gene product of unc-33 exists m three 
alternatively spliced forms (of 854, 676, and 523 amino acids), 
which differ only in the length of their N-terminal extension (Li 
et al., 1992). The sequenced form of Ulip corresponds to the 
shortest of the three Unc-33 forms. 

Of interest, the triple alignment of Ulip with hydantoinase and 
Unc-33 reveals a highly conserved region of 34 amino acids (Fig. 
4, see region b: 380-413 in Ulip) with 59% overall identity among 
the three sequences (84% between Unc-33 and Ulip, 65% be- 
tween hydantoinase and Ulip). The similarity between Ulip and 
Unc-33, a protein of almost the same length, is dispersed through- 
out the sequence with a lower degree of similarity in the 
C-terminal quarter (d) of the protein. The shorter o-hydantoinase 
sequence reveals a slightly higher (40%) similarity with Ulip than 
Unc-33 (36%) in the N-terminal three quarters (a-c) of the Ulip 
sequence, but it lacks the C-terminal d region. 

Brain specificity and developmental^ regulated 
expression of Ulip 

The striking molecular similarity of Ulip with the Unc-33 protein 
which is implicated in the regulation of axonal guidance and 
outgrowth in C elegans, led us to investigate their potential 
biological similarities. 

Northern blot analysis of total RNA extracts from various 
tissues (Fig. SA) revealed a 5_5 kb Ulip mRNA in newborn mice, 
mostly expressed in the brain and more weakly expressed m the 
heart and muscle. In the adult, there was no detectable 5 J> kb 
signal in any of the tissues tested. However, a 2 kb mRNA not 
observed in the brain was detected in the testis even at high 
stringency (65°C in O.lx SSQ 0.1% SDS). 

Western blot analysis of the expression of Ulip in various 
tissues from the neonatal mouse showed that the protem also is 
expressed almost exclusively in the brain (Fig. SB). In agree- 
ment with the Northern blot results, a much weaker but clear 
expression was detected in the heart, as was a very weak but 
still detectable expression in the lung and muscle, possibly 
attributable, at least in part, to the presence of neuronal eel s 
in the corresponding tissue preparations. In the adult animal, 
the expression of the Ulip protein could be detected only in the 
brain, where its expression was at least 20-fold lower than m 
the neonate, because even a 20-fold longer autoradiographic 
exposure of the Western blot revealed a weaker signal (Fig. 
SB) Also correlating well with the Northern blot results, a very 
weak band corresponding to the Ulip protein was detected on 
the Western blot of the adult testis. 

In light of the results showing mostly a neonatal bram-specinc 
expression of Ulip, we further examined its brain-expression pat- 
tern during the neonatal period of development (Fig. 5Q. The 
protein becomes detectable in the cortex and the striatum at 
embryonic day 16, reaching a peak at approximately postnatal day 
5 when neuronal differentiation and synapse formation are very 
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QCTRAALVOG TTMIIDHWp EPCSSLLTSF EXWHEAADTK SCCNYSLHVD ITS - 1 

QOTXAAUUM mCIDBWT 8PSSSLT2AY SKWRXWXDCK SCCBTALHVD ITHWHDSVKQ BVQSLdJCKXO VKSTMVTMAY KDLTQVSMTS I«<J 



toad QCTKAALAGC TTMIIOKWP EPCTSLLAAF OQWREWAOSK SCCDYSLHVD ITEWHKGIQE EMEALVXDHG VNSFLVYMAF KDRFQLTDSQ 



01 ip LYXXFTCLOl U3AXAQVHAB NODIIAQSQA 

coad rYEVbSVIRO ICAIAQVHAE NCDriAEEOjQ 

Ullp CUWTCHPIT ASLGXBCTST WSKKWAXAAA 

toad GTWYCEPIT ASLGTDCSHY WS>WWARAAA 

370 

EST XX-V ATCKHDENQF VAVTSTNAAK 

Ollp MC5VTWDKAV ATOKMDSNQr VXVTSTHAAJt 

toad RXSVIWOKAV VTGKMDENQF VAVTSTNAAK 
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EST Kt VFEDGNIN VNKCMCRFIP RKAFPE-XX 

Ollp KXKL3DOWLH VTQCAOIUflP CS PF3DYVYT 
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RMUTHOITGP SGHVLSRPBS LXAXAVTXAI 

R I LOLGITGP EGHVLSRPEE VTAEAVNRSI 

PVTSPPLSPO PTTPOYXWSL LXSODLOLSG 

FVTSPPLSPD PTTPDFLNSL LSCGOLQVTG 

IFNLYPRKGR IAVGSOADW rwDPOKUCTI 
ITWLYTWCO* £AVOSDSOLV XWDPOAXXXV 

VFNLYPRXCR ISVCSDADLV IWDPOSVKTI 



RXKAJUUOtAD LHAVPKjOfTD CFVTDI*TTTP 

RIKARSRLAE LRGVPRCLYO CPVCEVSVTP 



rvxsgrmcpL tvticvhsjcsa adlxsqajuoc 370 

TIANQTNCPL YVTKVHSKSA AEVIAQARXK 

SAHCTTSTAQ KXZOKDKPTA IPBOTMtTVZB 360 

SAHCTFNTAQ KAVCKONFTL IPBCTNGTCE 
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EST FSGTQVDEGV -RSASKRIVA PPGCRSNITS LS-XXX 
Olip L3OTQVDBOV -RSA5JOLIVA PPOCRSWITS LS 570 
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Figure J. Amino acid alignment of Ulip with human ESTs and rat toad-64. Three human fetal brain EST-derived amino acid sequences obtained by 
combining overlapping shorter fragments from GenBank (F, combination of ESTs 05414 from Ulip residues 1-60 and EST 04167 from Ulip residues 
61-143; II, EST 06020; III, EST 03046; respective GenBank accession numbers are T07524, T06278, TD8129, and T05L58) and the toad-64 sequence 
(GenBank accession number Z46882) (toad) were aligned with Ulip. Alignment with the Qustal V software reveals an overall 81% identity between Ulip 
and the EST fragments (I, 81%; II, 76%; III, 96%) and 76% identity between Ulip and the toad-64 protein. Double identities between sequences axe 
indicated by colons* and triple identities are indicated by stars. 



active. It then decreases to very low levels as soon as postnatal 
day 20. 

Regulation of Ulip phosphorylation by NGF in 
PCl2cells 

The PC 12 cell line often is used as an in vitro model for 
neuron-like differentiation. Indeed, NGF induces the flattening 
of cells and the outgrowth of neurites as well as the appearance 
of molecular markers of neurons (Greene and Tischler, 1982). 

Two-dimensional Western blots with aniisera directed 
against the mouse protein showed that Ulip is detected easily in 
rat PC12 cells (Fig. 6B), where it also can be identified clearly 
on gels by silver-staining (Fig. 6A,B). The rat PC12 protein 
actually comigrated with the purified mouse brain protein on 
two-dimensional PAGE gels (data not shown). These results 
are in good agreement with the apparent evolutionary conser- 
vation of the Ulip protein. As in the brain, only the specific 
anti-Ulip antisera recognized its B isoform. As mentioned 
above, all antisera also recognized a third likely isoform (C) of 
the Ulip protein in PC12 ceUs, with an M r of -85 kDa (Fig. 
6B)> which is expressed at a level comparable with that of the 
A isoform. This isoform was also detected by silver-staining. 



The presumably phosphorylated forms of the C isoform, like 
the B isoform, have identical isoelectric points to those of the 
A isoform. It is unlikely that the interaction with the C isoform 
represents a fortuitous cross-reactivity of three distinct anti- 
sera. This isoform, therefore, probably corresponds to another 
alternatively spliced form of Ulip, including additional exons 
that might account for its larger size, or to a closely related 
protein of the same family. 

It was of great interest to see whether the phosphorylation 
pattern of Ulip was changed after induction of the differenti- 
ation of these cells toward a neuron-like phenotype. PC12 cells 
were labeled with [ 32 Pl(POJ~ 3 in vivo, and the radioactive 
phosphoproteins from control or NGF-induced cells were an- 
alyzed by two-dimensional PAGE and autoradiography. As 
shown in Figure 6C, at least two forms, A3 and A4, were 
radiolabeled in control cells. These phosphoproteins coincided 
clearly with the known Ulip spots on silver-stained gels as well 
as with the immunostained spots on comigrations with the 
soluble fraction of PCI 2 cells (data not shown). 

After NGF treatment for 30 min, the A4 form became 
undetectable. This might be attributable either to the phos- 
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phorylation of A4 to a highly phosphorylatcd form or to the 
dcphosphorylation of A4. Based od their migration pattern, the 
three spots indicated by stars above A3 and A4 on Figure 6C 
most likely correspond to forms B4a, B5, and B6. They were 
heavily phosphorylated under control conditions, whereas the 
addition of NGF induced a decrease in the intensity of the two 
more acidic spots. 

It appears, therefore, that the phosphorylation of Ulip forms 
in PC12 cells is modified in response to NGF. possibly in 



relation to the control of neuronal differentiation and neuritc 
outgrowth. 

Intracellular distribution of Ulip in PC12 cells and in 
primary cultured neurons 

To attain deeper insight into the possible biological role of Ulip, it 
mtraceDular distribution in PC12 ceOs and in cultured rat striatal neu 
rons was examined by immux»fluon»cence with the ajiti-recombinan 
Ulip antiserum (Fig. 7). When the same cultured neurons were label* 
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Figure 5- Tissue specificity and developmental regulation of the expression of Ulip in the mouse. A, Northern blot. Five micrograms of total RNA of 
the indicated tissues from newborn or adult mouse were separated on a 1% agarose gel containing formaldehyde, transferred to nylon membranes, and 
hybridued with the u P-labeled EcoRV-Xhol fragment of the Ulip cDNA (see Materials and Methods). The integrity and the quantitative equivalence 
of the RNAs were checked before hybridization by staining with methylene blue (data not shown). The right panel displays the entire length of the first 
and the last lanes of the left panel (newborn brain and adult testis), showing the weak 2 kb signal observed only in adult testis. 8, C\ fmmunoblots. B, Surry 
micrograms of protein homogenates from the indicated tissues were separated by one-dimensional PAGE on a 10% polyacrylamide gel, transferred onto 
nitrocellulose membranes, and probed with the anti-recombinant Ulip antiserum (1:50,000) and detected with t25 Mabeled protein A. As indicated, ail of 
the tissues examined in the newborn and adult animals were the same except for the thymus in the newborn and the testis in the adult mouse. The 
immunoblots were exposed either without ( x /) or with (x20) a Kodak Quanta III screen for the same duration, the latter yielding an -20-fold enhanced 
signal. Stars refer to the minor, higher \f t bands visible in the newborn brain sample, most likely corresponding to the B a/id C Ulip isoforms (see Figs. 
1, 6). C, Fifty micrograms of protein from mouse brain cortex or striatum homogenates at the indicated stages of development were separated by 
one-dimensional PAGE, transferred onto nitrocellulose membranes, and revealed with cross- reactive anti-stathmin antibody (1:10,000) and '^-labeled 
protein A, showing a peak of Ulip expression at — 5 d postnatal. 



either with immune serum preincubated with the recombinant Ulip 
protein or with preimmune scrum at the same dilution, the fluorescence 
was reduced strongly, indicating that the labeling with the anti-Ulip 
serum was highly specific. 

In PC 12 cells, the protein was cytoplasmic and was absent from 
the nuclei. After induction of differentiation with NGF, Ulip was 
also detectable in all of the neurites, where the antiserum clearly 
labeled varicosities (arrowheads; the lower intensity of neurite 
labeling in Fig. 75 is attributable to the focus on the cell body and 
nucleus). In agreement with results from irnrrjunoblot orperimeots 
(data not shown), no difference was observed in the expression 
level of Ulip between NGF-treated and nontreated cells. No clear 
colocaJization of the Ulip protein with cytoskeletal elements could 
be observed by double-staining PCI 2 cells with antibodies recog- 
nizing cytoskeletal proteins such as tubulin, actin, and the M r 68 
kDa neurofilament isoform (data not shown). 



Primary neurons from E20 rat. striatum were examined after 8 
d in culture (Fig. 7). Like PCI 2 cells, all of the neurons displayed 
immunoreactrvity in the cytoplasm, whereas very little if any signal 
couid be detected in the nuclei. The neurites and axons were 
labeled along their entire length, with a strong staining at the 
varicosities (arrowheads) and at the growth cones (arrows). 

Expression of Ulip at tfie neuromuscular junction 

The fact that Ulip was associated with neuritic processes grown in 
culture prompted us to examine its presence at peripheral motor 
nerve endings at the neuromuscular junction. Double-labeling 
experiments were performed using the anti-Ulip antiserum and 
the rhodamine-conjugated a-bungarotoxin, which binds to acetyl- 
choline receptors (Fig. 8). Synaptic sites, which were identified by 
their a-bungarotoxin labeling on cross-sections of adult gastroc- 
nemius muscle, displayed a moderate but clearly positive Ulip 
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Figu/r 6. Ulip expression and phosphorylation in PC 12 cells- Proteins 
from the soluble fraction of PC 12 cells were separated by two-dimensional 
PAGE. The entire silver-stained two-dimensional gel is shown with the 
area of Ulip boxed {A). In B, the same area enlarged is displayed together 
with the corresponding areas of Western blots probed with sera directed 
against stathmin, peptide V T or recombinant Ulip. Numbers refer to the 
various forms of each of the A (64 kDa), B (70 kDa), and C (85 kDa) 
isoforuis of Ulip, as defined in Figure I. Note that the A and C isoforms 
are recognized by all the three anliscra, whereas the B isoform is not 
recognized by the anti-stathmin antiserum. For this experiment, the anti- 
peptide V antibody was used after affinity purification against peptide V. 
C. In vivo phosphorylation in PCI 2 cells. PC12 cells were incubated for 4 
hr with "P-labeled o-phosphatc without (control) or with (+NGF) the 
addition of NGF (200 ng/ml) for the final 30 min. Proteins were separated 
by two-dimensional PAGE and detected by autoradiography. Numbers 
refer to the corresponding phosphorylaied forms of the A isoform of Ulip, 
whereas the asterisks indicate most likely increasingly phosphorylated B 
forms. 

staining. Triple labeling with anii-Ulip, a nti- neurofilament anti- 
body, and a-bungarotoxin showed that Ulip iramunoreactrvity was 
associated with intramuscular nerve branches located near the 
neuromuscular junction and was recognized by the positive stain- 
ing with the anti-neurofilament antibody (data not shown). 
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To confirm further the location of Ulip at the neuromuscular 
junction, we performed whole-mount preparations of teased ster- 
nocleidomastoid muscle fibers (Fig. 8). Ulip immunoreactivity 
examined by confocal fluorescence microscopy appeared at two 
different levels at motor nerve endings: as a staining pattern that 
closely matched the a-bungarotoxin labeling, and as a positive 
immunoreaction delineating the preterminal region associated 
with the neuromuscular junction. 

DISCUSSION 

The present characterization of the developmental ly regulated 
neuronal Ulip phosphoprotein led us to identify both molecular 
and biological similarities with the product of the C elegans gene 
une-33. Ulip thus is likely to be its functional mammalian ho- 
molog, potentially related to the molecular processes underlying 
axonal guidance and neuritic elongation that take place during 
development and regeneration within the nervous system. 

Biological and molecular properties of Ulip 

The expression of Ulip appeared preferentially in the nervous 
system, where it is highly dependent on development; these find- 
ings support a role of Ulip related to the molecular processes 
allowing and/or controlling specific stages of neuronal 
development. 

In PC12 cells and primary neurons in culture, Ulip could De 
detected in the cell body, but not in the nucleus, and in all of the 
neuritic processes, showing a marked labeling of varicosities and 
growth cones. These observations clearly demonstrate the neuro- 
nal expression of Ulip and its likely involvement in neuronal 
growth and/or differentiation. Ulip was detected in peripheral 
nerve endings at the adult neuromuscular junction, where it was 
coincident with the nicotinic acetylcholine receptor labeling, but 
Ulip was associated also with presynaptic regions. This latter 
observation reflects the presence of Ulip in neuronal processes 
and possibly, in associated terminal Schwann cells. 

In the mouse brain, at least two Ulip isoforms, A and B, are 
present, with respective Af r values of 64 and 70 kDa, whereas a 
third, additional Af r 85 kDa C isoform is expressed in rat PC12 
cells. In the mouse brain, a single 5.5 kb mRNA was detected, 
which likely codes for the most abundant A isoform. The 
various forms of Ulip might be products of the same gene and 
translated from alternatively spliced mRNAs, as was shown 
also for Unc-33 (Li et al., 1992). Another possibility is that the 
diverse forms recogaized by the various antisera correspond to 
closely related proteins of a common, conserved family, as 
suggested by the comparison of all of the related sequences 
available so far (see below). Interestingly, an additional mRNA 
of -2.0 kb was found in the testis, where traces of the protein 
also were detected. 

Ulip is a phosphoprotein, because it is sensiuve to alkaline 
phosphatase and incorporates radioactive phosphate, which is in 
good agreement with the presence of consensus phosphorylation 
sites for several types of protein kinases within its ammo acid 
sequence. In vivo, the phosphorylation state of Uhp in PC1Z cells 
was modified in response to the neuronal growth, differentiation, 
and survival factor NGF. This is a clear indication of a possible 
regulation of the activity of this protein, and of its potential 
implication in intracellular cascades involved in the regulation of 
neuronal differentiation and maturation. 
Molecular and functional similarities 

The databank search with the Ulip sequence revealed similar- 
ities with mammalian sequences, toad-64, several brain ESTs 
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and, more provocatively, a />. ^u/^/a bacterial hydantoinase and 
the C. eiegans unc-33 gene product. After submission of this 
paper, two additional Ulip-retated sequences were reported. 
crmp-62 in chick (Goshima et ai., 1995) (accession number 
U17277) and munc in mouse (S. Tontsch, unpublished data; 
accession number X87242). 

Ulip exhibits puzzling sequence similarities with several bacte- 
rial hydantoinases (Tang el al., 1993), the most striking of them 



with an enzyme from P. putida (Jacob et ai., 1987), the sequence 
of which covers the N-tenninaJ three quarters of Ulip. The only 
mammalian hydantoinase-ltke protein that displays a certain sim- 
ilarity with Ulip is a hamster dihydro-orotase (Simmer et al., 1990; 
Williams et ai., 1990), which has a high degree of similarity (60% 
identity) with Ulip only in a 37.amino-acid stretch (Ulip residues 
67-103). This region is well preserved in all dihydro-orotases 
known so far, but the probable critical amino acids for Zn 2 * 
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binding (Williams et al., 1990) are not fully conserved in Ulip. 
Because the rest of the dihydro-oroiase sequence shows almost no 
homology with Ulip, it is not likely that Ulip corresponds to this 
enzyme. The fact that no hydantoinasc activity could be detected 
in preliminary experiments with recombinant Ulip also does not 
support a direct functional homology with this class of enzymes. 
However, the observed similarities might correspond to the con- 
servation of a functional, enzymatic, or regulatory domain related 
to the involvement of Ulip in a step of neuron-specific metabolism 
important for neuritic outgrowth and agonal guidance during 
neuronal differentiation. 

In view of the neuronal and developmental expression of Uiip, 
its sequence similarity with Unc-33 seems to be more directly 
relevant at the functional level. Three forms of Unc-33 are ex- 
pressed in C. elegans, which are the products of differentially 
spliced mRNAs with M r values of 55.5, 72.1, and 90.8 kDa, 
differing only in the length of their N-terminal extensions (Li et 
al.. 1992) and corresponding to the expression of three mRNAs of 
2.8, 3.3, and 3.8 kb, respectively. The amino acid sequence of the 
shortest Unc-33 form covers the entire sequence of the presum- 
ably shortest, A form of Ulip, with an overall identity of 33.5%. 
Although there are clearly several genes for Ulip-related proteins, 
it is possible that some of the Ulip forms with molecular sizes in 
the mouse or rat comparable with those found for unc-33 isoforms 
in C elegans are derived also by alternative splicing of a given 
gene. 

In unc-33 C. elegans mutants, nearly all neurons inspected, 
including sensory, motor, and interneurons, show neuritic out- 
growth defects (Hedgecock et al., 1985; Desai et al., 1988): some 
neuritic processes follow abnormal pathways and have swollen 
endings and prematurely terminated axons, which altogether un- 
derline the developmental importance of the Unc-33 protein. The 
developmental regulation of Ulip expression, mostly at a stage at 
which neuronal differentiation and maturation take place, indi- 
cates that its molecular similarity is indicative of a functional 
similarity with Unc-33 and, therefore, that it also might play a role 
in the control of neurite elongation and/or axonai guidance. The 
relatively low-level presence of Ulip in the adult brain might 
reflect its presence in areas where neurogenesis remains active or 
its involvement in maintaining neuronal stability, for example, at 
the junctional level. This latter possibility is supported by the 
presence of Ulip in adult nerve endings, as at the neuromuscular 
junction. 

Interestingly, the two other Unc-33-related sequences reported 
in the literature, toad-64 in the rat (Minturn et al., 1995) and 
crmp-62 in chick (Goshima et al., 1995). arc expressed like Ulip 
mostly during development in the nervous system but, in contrast 
with Ulip, they were not detected in any other tissue even at low 
levels. Comparison of their amino acid sequences reveals that 
toad-64, crmp-62 t and munc, a mouse sequence that recently 
became available in the sequence databanks, display -97% amino 
acid identities, whereas Ulip is only -76% identical to any of the 
other three sequences. This observation reveals, as suspected on 
the basis of the protein expression profiles discussed above, that 
Ulip is a member of a protein family: it should be designated, 
therefore, as Ulipl, the other group of Unc-33-related sequences 
then being Ulip2 — highly conserved between birds (crmp-62) and 
mammals (toad-64 and munc)- Several human ESTs are at least 
96% identical either with Ulipl or with the various known Ulip2 
sequences, further demonstrating the high evolutionary conserva- 
tion of each of these two members of the Ulip protein family. 
Additional human EST sequences display 72-76% identity with 
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either Ulipl or Ulip2: they belong to the partial sequence desig- 
nated Hcrmp-l by Strittraatter and coworkers (Goshima et ah, 
1995), which covers the Ulipl and -2 sequences from their residue 
59 to their C-terminal extremity. The corresponding protein could 
be designated, therefore, as Ulip3. to indicate its clear inclusion in 
the same protein family. The recognition of these three members 
of the Ulip family allows us to understand further the correspon- 
dence of the three EST domains defined in Results and shown in 
Figure 3: EST I (1-60) corresponds to Ulip2; EST I (61-143) and 
EST II correspond to Ulip 3; and EST III corresponds to Ulipl. 
Finally, some ESTs display lower degrees of similarity (50-60% 
identity) with the above -described Ulip sequences, caused by 
sequencing errors or by reflecting the existence of more members 
of the Ulip family. This overall analysis of available sequences also 
might explain some of our results concerning the expression of 
Ulip raRNA or protein, particularly in non-neuronal tissues and 
potentially in non-neuronal cells within the nervous system. It is 
likely that, although various members of the Ulip family are 
expressed most highly in neuronal cells, they also have distinct 
expression patterns, with respect both to the cell rype considered 
and to differentiation stages during development. 

We characterized Ulip as highly regulated during developmen- 
tal stages in the mouse brain corresponding to active neurogenesis 
and synapse formation; its regulated phosphorylation suggests 
further its potential implication in the intracellular cascades re- 
sponsible for the relay and integration of signals controlling neu- 
ronal differentiation. The present molecular and biological char- 
acterization of Ulip (UHpi) strongly indicates that it is a structural 
and functional mammalian homolog of Unc-33. It appears, there- 
fore, to be a good candidate for participating in neuronal differ- 
cntiation and maturation, presumably through the control of 
neuritic elongation and/or of axonai guidance during the devel- 
opment of the nervous system. Our data suggest further that Ulip 
plays a role during development in other tissues and cell types, 
and in the adult, where it might participate, for example, in the 
normal or post-trauraatic replacement and regeneration of neu- 
rons; Ulip also is involved potentially in the promotion or main- 
tenance of the stability of neuronal connections. 

Toad-64 was recognized to be upregulated very early after 
division of neuronal cells and was considered to be an early 
marker of cells committed to a neuronal phenotype (Minturn et 
al., 1995). Crmp-62 was suggested to be involved in the intracel- 
lular cascade initiated in response to collapsin (Goshima et al., 
1995). Most of the ESTs corresponding to Ulip3 were identified 
from a human embryonic brain library (Adams et al., 1993), 
suggesting an expression pattern and a developmental regulation 
at least partially similar to those of Ulipl (Ulip) and UUp2 
(toad-64 and cnrtp-62): However, the actual function(s) of each of 
the vertebrate proteins of the Ulip family is likely to be of broader 
significance than those originally proposed for toad-64 and CTmp- 
62. Because all Ulip-related vertebrate proteins display functional 
and molecular similarities with the C. elegans unc*33 gene product 
(32-35% sequence identity), we believe that their collective des- 
ignation as "Ulip" proteins (1, 2, 3, . . . ) is the most appropriate 
because it refers to their proven resemblance to Unc-33. Their 
identification will allow the further characterization of their com- 
mon and differential biological functions. 
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llapsiV, a member of the newly recognized semaphorin 
nily 2 ~\ contributes to axonal pathfinding during neural develop- 
nt by inhibiting growth cone extension 1 " 5 . The mechanism of 
lapsi'n action is poorly understood. Here we use a Xenopus iaevis 
;vte expression svstem to identify molecules involved in collapsin 
nailing, because several experiments have raised the possibility 
t heterotrimeric GTP-binding proteins might participate in 
^e events 6 "*. A collapsin response mediator protein of relative 
•lecular mass (M r ) 62K (CRMP-62) required for collapsin- 
luced inward currents in -V. Iaevis oocytes is isolated. CRMP- 
shares homology with UNC-33, a nematode neuronal protem 
juired for appropriately directed axonal extension . CRMP- 
is localized exclusively in the developing chick nervous system, 
iroducrion of anti-CRM P-62 antibodies into dorsal root gang- 
n neurons blocks collapsin-induced growth cone collapse. 
<MP-62 appears to be an intracellular component of a signalling 
scade initiated by an unidentified transmembrane collapsin- 
iding protein. 



of the centre of the radial, circular or spiral motion" ' <also 
supported by psvehophysical evidence (R. J. Snowden and 
A. B. Milne, manuscript submitted)) make these neurons well 
suited for optic-flow field analysis, and for guiding the heading 
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To charactenze components of the collapsin response path- 
way we injected RNA synthesized from a chick E7 dorsal root 
ganglion (DRG) complementary DNA library into oocytes, and 
then assessed the current response of voltage-clamped oocytes 
to bath application of collapsin. With collapsin-contaimng chick 
E10 brain membrane extracts f BME) (refs 6, 13) as Ugand, a 
cDN A clone capable of rendering oocytes responsive was identi- 
fied (not shown). This clone consists of 300 bp of 5' untranslated 
sequence followed by 890 bp of open reading frame (ORR and 
no stop codon. We obtained a 3' extension of this clone by 
polvmerase chain reaction and ligated the two fragments 
together to create CRMP-62. To determine if collapsin is the 
active component of BME in this assay, we expressed collapsin 
in COS cells and insect cells. Purified recombinant collapsin from 
baculovirus-infected cells has a specific activity of 10 Umg 
protein and produces pertussis toxin (PTX)-sensitive DRG 
growth cone collapse (Fig. la). The inward current in CRMP-62 
RNA-injected oocytes initiated by BME (not shown), collapsin- 
expressing COS cell medium (Fig. 16). and pure collapsin (not 
shown) are indistinguishable. 

The CRMP-62 open reading frame encodes a protein ot .U, 
62K. that has no signal peptide or membrane-spanning domain 
(Fig. lc). The structure of CRMP-62 suggests that it is an intra- 
cellular protein, and that it may be required for coupling a trans- 
membrane collapsin-binding receptor to a signalling cascade. 
Therefore naive oocytes must have low levels of an endogenous 
collapsin receptor that generates a current response only in the 
presence of CRMP-62. Crude DRG messenger RNA injection 
yields a larger response than can be accounted for by CRMP- 
62 alone, suggesting that DRG mRNA may encode both a 
collapsin-binding receptor and CRMP-62. 

CRMP-62 is a novel sequence, sharing homology with three 
groups of sequences. The highest level of similarity is to several 
human fetal brain expressed sequence tags' 4 . There are two 
human cDNAs. which we term hCRMP-t and hCRMP-2. shar- 
ing 84% and 98% predicted amino-acid identity with CRMP-62 
(Fig. I, and not shown). CRMP-62 is also related to unc-S3 (ref. 

509 



LETTERS TO NATURE 



10) with 38% identity and 61°^ similarity (Fig. \c). Without 
unc-33 nematode movements are uncoordinated and axon 
outgrowth is aberrant 11 - 13 , reminiscent of the disordered out- 
growth of insect neurons with perturbations ot semaphonn 
expression^ 5 Although CRMP-62 has similarity to bacteria! 
D-hydantomase proteins 15 "\ punned recombinant CRMP-62 
has no detectable hydantoinase activity (Onmol hydantom 
hydrolvsed per mm at 37 C per mg protein). 

We sought to determine whether CRMP-62 reconstitutes a 
collapsin -G protein -phospholipase C-lnsPj -Car' - chlor- 



ide channel cascade' 7 . The reversal potential for BME-tnduced 
currents ts -21 to -25 mV. identical to that for chloride mot 
shown). BME responses are abolished by prior injection of 
EGTA into ooevtes (not shown), as expected for a Car^-medt- 
ated event. Furthermore, PTX decreases collapsin-induced cur- 
rents (Fig. 2a). We also considered whether CRMP-62 RNA 
injection might enhance G protein-coupled transduction gen- 
erally downstream of G protein activation. However, currents 
induced by Ivsophosphatidic acid ( LPA) ( Fig. 2b) and >HT (not 
shown) are' identical in non-injected and CRMP-62 RNA- 



i ae 



FIG 1 a Collapse of ORG growth cones by purified 
collapsin is inhibited by PTX. Explants of £7 ORG 
were pretreated for 2h with 50O ng ml PTX 
(broken line) or no additions (solid line). Querent 
concentrations of purified collapsin were added and 
the fraction of collapsed growth cones was deter- 
mined after 30 mm incubation. For concentrations 
of collapsin greater than 10 ng m\'\ PTX reduced 
growth cone collapse significantly <P<0.01. Stu- 
dent's two-ta.ied t test). The data are the mean r 
s e m. for 6 determinations, b. Collapsin induces an 
inward current in oocytes injected with CRMP-62 
RNA Oocytes injected with CRMP-62 RNA or not 
injected were voltage clamped after incubation for 
2 days Medium from COS cells transfected with 
pcDNA-coilapsm was added at the time indicated by 
the arrow. An inward current ts apparent in CRMP- 
62 RNA-injected oocytes but not in control oocytes. 
Medium from COS ceils transfected with pcDNA-1 
did not alter membrane conductance. Non-injected 
control oocytes show no response to purified recombinant collapsin. 
even at concentrations as high as 200 U ml i>3 nA m 45 oocytes). 
Oocyte current responses and chick ORG growth cone collapse exhibit 
a similar dose resoonse for recombinant collapsin ^not shown). The 
amplitude of current response in CRMP-62 RNA-injected oocytes is 
similar to that m oocytes injected with an equal amount of total ORG 
oolvlAr RNA (not snown). c. An alignment comparing the predicted 
am.no-acid sequences of CRMP-62 and UNC-33. Identical residues are 
shown in bold. The UNC-33 sequence is from GenSank. accession num- 
ber Q01630 (ref. 10). 

METHODS. Chick E7 ORG growth cone collapse assays were conducted 
_ . ^. m ~ ^ , ^ -»«■. r*ci^i~ r\htAt\ and 





Control medium 

W 



CRMP-62 RNR 
injected 



18 ISA 
ollapsm (ng mr 1 ) 



described 6 . Chick E10 BME was prepared as described 



as aescnoea . uhl« ~ -- 

dialysed extensively against the oocyte perfusion buffer. Coilaos.n was 
expressed m COS cells essentially as described . except that trans- 
fected ceils were cultured in serum-free medium and a pcDNA-l-based 
vector was used. One unit of collapsing activity is defined as the amount 
required in a 1-ml culture to collapse 50% of ORG growth cones . The 
specific activity of tnis COS cell medium was approximately 500 U mg 
prote.n A recombinant baculov.rus expressing collapsin with an addi- 
tional six carboxy-terminal His residues was propagated in High F.ve 
Spodoptera frugiperaa cells. After 68 h of infection, cultures were cen- 
tnfueed at 1 OOOg for 10 min. and then the low-speed supernatant was 
centr.fuged at lSO.OOOg for 1 h. Nearly all growth cone collapsing activ- 
ity was present in the high-speed pellet, but after resuspens.on in PBS 
plus 1 M NaCl and a second high-speed centnfugation. activity was 
released into the supernatant. The extracted collapsin was diluted to 
150 mM NaCl and chromatographed over S-Sepharose as described 
for brain extracts 1 . Those fractions containing collapse activity were 
more than 95% pure by SOS-PAGE (not shown i. From a 1-litre culture. 
400 to 800 ug protein was obtained. X. laevis oocytes were Prepared 
Tn^cted and voltage Camped as described". Then. 2-4 days alter RNA 
injection, collapsin (1-10 U mr 1 ) was applied by mixing 
medium. Capped RNA was transcribed from a chtc |* ^7 D RG 
based cDNA library with T7 RNA polymerase and m7G(5 >ppp<5 >G. With 
BME as a ligand. 20 pools of 2,000 recombinants were screened to 
isolate clone 71. Because clone 71 was truncated at the 3 end we 
used chick E7 ORG-der.ved cDNA as a template for PCR with ohgotdT) 
and a sense oligonucleotide 150 bp from the 3' end of clone 71 The 
maior reaction product of 1.4 kb contained 150 bp of clone 71. then a 
Notl site 810 bp of open reading frame, a stop codon. poiyadenylation 
signal and a polyadenylate tract. Clone 71 was truncated because Noel 
was used during library construction. To construct oCRMP-62. clone 71 
and the PCR-derived 3' fragment were tigated together at this Not I site. 
Databank searches revealed 8 human ESTs with homology to CRMP-62 
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( GenBank T06278, T08139. T08129. T09404. T06728. T07524. 
T05711 and M85617) 14 . We obtained plasmid clones for three of these 
from ATCC. and determined their nucleotide sequence. GenSank 
T06278 (ATCC 82946). contains a 1.9-kb insert with a 1.6-kb open 
reading frame, which we termed hCRMP-1. Five of the ESTs (T06278. 
T08139. T08129. T09404 and T06728) are identical to portions of 
this hCRMP-l sequence. The overlapped combination of open reading 
frames from ATCC 84159 and ATCC 82402 is the sequence we term 
hCRMP-2. Nucleotide sequences of double-stranded ONA were deter- 
mined by the dideoxy chain termination method. The GenBank acces- 
sion numbers for CRMP-62. nCRMP-l and hCRMP-2 are U17277. 
U17278 and U17279. respectively. 
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injected oocytes. CRMP-62 protein expressed 2 days after RNA 
injection might participate directly in collapsin signalling, or 
might chronically alter the transcription of other proteins. To 
distinguish these hypotheses, we purified recombinant CRMP- 
62 < Fig. 2c) and then injected 10-30 ng CRMP-62 protein into 
each oocyte to yield a concentration of CRMP-62 at or below 
physiologic levels (see below). Then, 5 minutes after CRMP-62 
protein injection, when transcriptional effects are likely to be 
negligible, collapsin elicits a transient inward current similar to 
that observed after RNA injection (Fig. 2d). 

On northern blots. CRMP-62 cDNA probe hybridizes to a 
5.0 kb mRNA species in brain and DRG. but not other tissues 
(Fig. }A ). The expression of brain CRMP-62 mRNA is highest 
at E7 and decreases by 95% in adulthood. In situ hybridization 
of E7 embryos detects high mRNA levels in the brain, retina, 
spinal cord and DRG (Fig. 35). Brain levels are low in the 
immediate subventricular zone where primitive neuroblasts are 
dividing, but higher in adjacent neuronal layers of the telence- 
phalon. Less signal is present in the developing molecular layer 
at the pial surface. The highest retinal levels are seen in the 
ganglion cell layer. Because retinal growth cones do not respond 

io couapMii . ^»m v " ' unciiuii ~- 

collapsin. 



CRMP-62 protein expression was characterized with antisera 
directed against residues 30 to 48 or 475 to 491 of CRMP-62. 
Immunoblot analysis of chick E7 tissues with anti-CRMP- 
62(30-48) shows high levels of immunoreaciivity of 62K protein 
in the embryonic brain and DRG (Fig. 3C). and much lower 
levels of immunoreactivity at 58K. Similarly, anti-CRMP- 
62(475-491) recognizes a 62K. protein in chick embryonic DRG 
(Fig. ID). In brain, trace bands between 66 and 15K are also 
detectable with anti-CRMP-62(30-48). Immunohistologically. 
CRMP-62 is detectable at DRG growth cones (Fig. 3£). 
CRMP-62 is abundant, comprising 0.05% of embryonic brain 
protein (not shown). After maximal injections of 50 ng 
CRMP-62 RNA, oocytes express slightly less CRMP-62 
immunoreactivity than does embryonic chick brain (not shown). 
Non-injected oocytes do not express detectable CRMP-62. 
CRMP-62 immunoreactivity is found predominantly in cytosolic 
fractions of embryonic brain, but 20% of immunoreactive pro- 
tein remains associated with particulate fractions during exten- 
sive washing at high ionic strength and can be extracted with 
detergent (not shown). 

To assess the role of CRMP-62 in growth cone collapse, we 
used anti-CRMP-62(30-48) to block CRMP-62 function. Five 
minutes after injection into CRMP-62 RNA-injected oocytes, 



FIG. 2 CRMP-62 action tn oocytes is PTX-sensitive. 
coiiaDsm-soecific and immediate, a. The effect of 
PTX Dretreatment on the current response to recom- 
binant collapsin in CRMP-62 RNA-mjected oocytes. 
PTX (2 ng ml" 1 ) was added to the incubation 
medium 24 h before the voltage-clamp experiment. 
The data shown are mean inward current ± s.e.m. 
for eight oocytes from the same frog in each experi- 
mental group. 0. Oocyte response to lysophosphat- 
ides is not altered by injection of CRMP-62 RNA. The 
inward current response after bath application of 
100 nM LPA 19 ' 20 in a non-injected and CRMP-62 
RNA-mjected oocyte is illustrated. The average peak 
inward current with and without injection of 40 ng 
CRMP-62 RNA was 970 ± 350 nA and 780 ± 250 nA. 
respectively (n - 7). c, A recombinant CRMP-62 
fusion protein was purified from Escherichia coli and 
analysed by SDS-PAGE. The position of M, markers 
are shown on the right, d. Collapsin induces an 
electrophysiologic response m oocytes injected with 
recombinant CRMP-62 protein. 5 mm after the 
injection of CRMP-62 protein, recombinant COS ceil- 
denved collapsin was applied to the bath. Collapsin 
induced 20-50 nA inward currents in these two 
CRMP-62 orotein-mjected oocytes. This response is 
representative of 16 separate oocytes with a mean 
peak amplitude of 12.5 ± 3.6 nA. Buffer-injected 
oocytes snowed no detectable response (<2 nA) to 
collapsin (n = 16). CRMP-62 protein injection alone 
has no detectable effect on the holding current (not 
shown). 

METHODS. Electrophysiologic procedures are 
described m Fig. 1. CRMP-62 (20 nl of 0.3 mgml' 1 ) 
,n 100 mM KCI. 10 mM Na. HEPES 0.1 mM OTT. 
oH 7.8 was injected into each 1.00O-nl oocyte 1 . A 
bacterial expression vector encoding a fusion protein 
of M t 68K with 6 His residues followed by the CRMP- 
62 sequence was created in pTrcHis (Invitrogen). 
Recombinant protein was purified on a nickel-con- 
taming resin under denaturing conditions from IPTG- 
induced E. coli carrying this piasmid. Full-length 
CRMP-62 fusion protein was further purified by SOS- 
PAGE, electroelution. dialysis into 8 M urea without 
SOS. and then dialysis into oocyte injection buffer 
;10 mM NaHEPES, 100 mM KCI. 0.1 mM OTT. 
pH 7.8). Ouring the extensive dialysis to remove 
denaturing agents, the pH was maintained above 
7 7 to avoid protein aggregation. 
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fir T Localization of CRMP-62 tn develop.ng neurons. A. Northern olot analysis 
(from left: L. lung: K. kidney: M. nea " fl M ' m " S f ^ ^ ° o0e . Tne qua ni„y of 

m rt T CRMP 62 0 >n M Oram (a. 01. CRMP-62 RNA ,s detected at h,gn 
1 . ?T„f ™n ^.ocal ieo to deep layers of the telencephalon. Out not ,n 
Z^oT^lZ te, ^ - tne ceUa, ven, ™J*™"~£ 

mmmmm 

staining £££££ ' - «^ 
immunoolc. an..y« o ^%™£££m£* containing 10 ,g prote.n were 
'Z^rnga^rnXS^^W The ORG (d, and Prain ,0>snow 

T a n , 62k SSS^ ° * «° ««- a < "* m ana left ' 

Fa?mef sia^ng s observed m Pra.n at higher M.. The midd.e pane! illustrates 
Sn°,V^ 

and transferred to a nylon "^ ^ WMP W P ooe y cRMp 
^ran:," '^dcTX^^X .on n ^e^,e° warned to An., stnngency 
of O 1 « SSC and ai% SOS at 63 X. Frozen sect.ons (20 urn. of cnicK embryos 
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were treated sequentially with 3.7% formaldehyde, proteinase K. H 3 0,. formal- 
dehyde and acet,c anr.ydr.de. Sense and antisense <*g™'?; 
£m& probes were prepared from clone 71 f%^YS^u%Ze 
hU KnH,»«ri tn unions in 50% formamice. 5 * SSC. 50 u& mi yeast rjansre* 

m^nTed w tnMAP peptides ana ant.Bod.es were arfin.ty purified using an Affigel 
l 5 Te£ >ToZZZl ^ MAP pept,de per m, resm. Both purified am.DOd.es detec 
££rti£d nat.4 recombinant CRMP-62 by EUSA at antibody concentrations 
a3e 25 na m.' (not snown,. At 10 M 8 ml '. DOtn ant.0od.es ,mm u noprec,p,ta e 
naTve CRMP-62 sto-cmometncally (not snown, V.r*« WSJ« -r 

K* mnM ni7«i in 20 volumes of 10 mM Tns-HCL 1 mM £OTA. 1 mM PM5F. 5 Mi 
rSrt l OH 7.8. ana analysed 0y immunob.ot wit 

StwSSSS a nd1ero»,d3se-con,ugateO goat 'f 
ments. the CRMP-62 MAP oeot.de ( 10 ug ml : or recomoman. CBMP-62 pro e 
(100 mr') was added to the primary ant.oody solution :0 1 H6 m' i . oetor 
ncuO^ion w.m tne Blot. ORG e.plan« were cultured as m F.g L for 24 n_n»e 
witn 3.7% formaldehyde. PBS. and then .no.ha.ed w, t h l.gml 
antibody. Bound antibody was detected using pero.idase-coniugated goat ant, 
raboit igG witn diaminooenndine as substrate. 
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PIG, <i Trituration of E7 ORG neurons with anti-CRMP-62 blocks collaosinmduced 
growtn cone cotiaose. 4. Anti-CRMP-62(30~-48) antibody blocks coiiapsm-induced. 
CRMP-62 -mediated currents. Oocytes *ere injected with CRMP-62 RNA and mcu- 
sated 'or 2-4 days before a second mjection with 20 m of 2 mg ml -1 anti-CRMP- 
62130-18) m 100 mM KCt. 10 mM NaHSPES. O.i mM OTT. oM 7.8. Coflapsm- 
•nduced currents were recorded 5-15 mm after antibody injection. The data are 
the mean * s.e.rn. tor 5-7 determinations. B. ORG neurons were cultured and 
tmurated with rabbit igG (0.-4 mg mi" 1 : a. 01. or intact anti-CRMP-62(30— 48) ami- 
oody v0.4 mg mi " l ; c. d )• After 6 h. recomomant coiiapsm ^5 U ml" 1 ) was added 
to some cultures (o. d I. -Note :ne cotlaosin-induced alteration in growth cone 
structure -n the control culture, but not m the ami-CRMP-62<30-48> antibody- 
treated culture. Growth cones are matcated by the arrowheads. Scale bar. 100 u.m. 
Results are quantified in C. C. ORG neurons were cultured and triturated with 
buffer, intact anti-CRMP-62t30-48> antibody t0.4 mg mi " 1 1. Fab fragment of anti- 
CRMP-62<30-48l antibody (0.1 mg ml' 1 ), rabbit IgG (0.4 mg ml* 1 ), or pre- 
aosoroed anti-CRMP-62(30— iQ) antibody. The fraaion of collapsed growth cones 
after 30 mm exposure to buffer or 5 U ml 1 coiiaosm <s presented as the mean 
iS.e.m ,'or -t-6 separate experiments. The anti-CRMP-62|30-48) antibody ana 
its Fao fragment significantly reduced coiiapsm-tnduced growth cone collapse 
(asterisk. P-s 0.05. Student's two-tailed t testj. whereas control solutions did not. 
This antioody did not alter growth cone collapse wnen added without trituration. 
0. ORG neurons were cultured and triturated with Duffer. anti-CRMP-62(30-^!8) 
antioooy lO 2 mg rni l ) or anti-CRMP-62{475— i91) antioody (0.3 mg ml' 1 ). The 
fraction of collapsed growth cones after 30 mm exposure to buffer (Noi. coiiapsm 
(Col. 5 U mi M or mastoparan (Mas. 5 uM> is presented as tne mean ts.e.m. for 
6 separate e*oenments. The anti-CRMP-62(30-48) antibody significantly reduced 
coiiaosin-mduceo growth cone collapse (P^O.OS. Student's two-tailed t test), 
wnereas the anti-CRMP-62(4 75-491) antibody did not. Neither antibody altered 
mastoparan -induced growth cone collapse. £. The extent of neunte outgrowth 
from ORG ceils triturated w.th rabbit igG isotid line) or the anti-CRMP62(30-48) 
antibody 'broken sinei was determined after 5 h m culture m the absence of 
coliapstn. The fraction of neurons with a total neunte length longer than X is 
ctotted. No significant differences were aetected m 4 separate experiments. 
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METHODS. Dissociated ceil cultures were prepared from cnick E7 ORG treated 
with 0.25% trypsin. 1 mM EDTA at 37 X for 20 mm e . The tissue was men tritur- 
ated 30 times in growth medium using P200 plastic tips. The material was pre- 
dated on untreated plastic for 2 h to allow non-neurooat cells to attach, and then 
the floating celts were collected and triturated 70 times m F12 medium with 
10 mM NaHEPES. pH 7.4 and various antibodies*- 31 . After trituration, celts were 
diluted eightfold mto growth medium and plated on laminm-coated glass slides. 
Fab fragments were created using immobilized papain ( Pierce I and undigested 
antibody was removed by protein A -agarose absorption, immunostainmg for rabbit 
igG was detectable m antibody- tmurated, but not control, cells (not shown). Fol- 
lowing 6 h at 37 *C. coiiapsm was added to the dissociated ceils and the mixture 
was incubated at 37 5 C for 30 min before fixation. The terminus of each neunte 
longer than 30 um was scored for growth cone collapse as m the ex plant 
cultures 89 . The total outgrowth per neurite-oeanng ceil was quantified as 
described' 033 . The percentage of ceils bearing neuntes was 43 x6% m rabbit 
IgG -triturated cultures and 50x6% m anti-CRMP-62{30-48) antibody-lnturated 
cultures (mean ± s.e.m.. n » 4). 

513 



LETTERS TO NATURE 



the antibodv blocks collapsin-induced currents ( Fig . *A ) Tntur- 
In ol DRG neurons with unu-CRMP-62( 30-48) b.ocks subse- 
quent collapsin-induced growth cone collapse (Fig. 4fl C). 
Rabbit l«G and preabsorbed anti-CRMP-62( 30-48 antibody 
hat no Set. Addition of ant,-CRMP-62< 30-48, alter .nida- 
tion does not prevent collapsin-induced collapse. The Fao 
fragment of anti-CRMP-62( 30-48) is as effective as in tact 
immunoglobulin (Fig. 4C>. indicating that "a"" 1 "*"* * nd 
aeration of antigen do not account tor these effects. Tritura- 
tion wuh anti-CRMP-62( 30-43) has no effect on neuronal survi- 
val, neurite formation or extension in (he absence ot collapsm 

' F We 4 ah!o triturated cells w„h ami-CRMP-621475-491 ). This 
portion of CRMP-62 is not conserved with UNC-33 or between 
hCRMP-l and hCRMP-2. and is not included in the original 
truncated clone isolated by oocyte expression. The anti-CRMP- 
6^(475-491 ) antibody does not block collapse induced bv collap- 
sm or mastoparan (Fig. 4D ). Th.s verifies that the 475-491 
re E ion is not critical for CRMP-62 function, and that blockade 
of 'collapsm action by anti-CRMP-62( 30-48, cannot be 
explained as a nonspecific effect of antibody colonization with 
CRMP-6? Mastoparan stimulates PTX-sensitive Gproteins and 
induces growth cone collapse in control cultures and those 
rimrated with anu-CRMP-62( 30-48, antibody (F,g. 40 ,. Thus, 
those elements of the collapse pathway which are downstream 
of G protein activation are not disrupted by the anti-CRMP- 
62(30-48) antibody. 

The hvpothesis that collapsm activates a G protein signalling 
cascade 'is based on several findings: pertussis holotoxin blocks 
collapsm effects; collapsm activates an oocyte Ca" -sensitive 
chloride channel: and G protein activation collapses growth 
cones CRMP-62 is Ukelv to mediate or facilitate an interaction 
between a collapsin-bmd'ing transmembrane receptor and intra- 
cellular G proteins. In such a model. CRMP-62 may be an intra- 
cellular component of a multisubun.t receptor, or may act as an 
intermediary between receptor and G protein. CRMP-62 cannot 
act downstream of the G protein because the response to ^igands 
for other G protein-coupled receptors is not altered by CRMP- 
6" 1 and because mastoparan-induced collapse is not blocked by 
anu-CRMP-62(30-48). 

Generally G protein-coupled receptors contain seven mem- 
brane-spanning domains and couple directly to G P™"'™ ■ * 
collaps.n-bindmg protein has not yet been identified, but its 
apparent requirement for CRMP-62 and its ability to respond 
to a macromolecular ligand which can exist in membrane-bound 
forms : 4 implv that it has unique characteristics. Whether 
CRMP-6- and. or a collapsin-binding protein interact directly 
or indirectlv with a G protein remains to be determined. It is 
clear that CRMP-62 is expressed selectively in developing ner- 
vous svstem. is capable of reconstituting a collapsin-regulated G 
protein cascade in oocytes, and is essential for collapsin-induced 
DRG urowth cone collapse. Further analysis of the protein- 
orotein interactions of CRM P-62 should lead to a more complete 
understanding of the molecular mechanism whereby repulsive 
axon guidance clues are transduced into changes in growth cone 
motility 
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In nicotinic acetylcholine receptors (nAChR), as well ts glycine. 
GABA» (v-aminoburvric acid), serotonin (5-HT, ). and GluCI glut- 
amate receptors, a leucine residue at the approximate midpomt of 
the M2 transmembrane domain (the 9' position ) is conserved 
across most known subunits 1 . Structural data for the nAChR sug- 
eest that the Leu 9' residues occupy a kink' in each of the five 
M2 helices and point into the closed channel; in the opening step, 
the M2 helices rotate so that Leu 9' side chains no longer occlude 
the conduction pathway 1 . Mutation of Leu 9' to one of several 
other residues slows desensitizarion and increases sensittv.ty to 
aeonist*"* We have exploited the a.PyS stoichiometry of muscle 
nAChR to express receptors with m,' =0 to S Leu 9;Ser mutated 
subunits. Strikingly, each Leu 9'Ser mutation s 
response relarion for ACh to the left by ~I0- old: a nAChR ^ 
m* =4 is lO-'-fold more sensitive than the wild type. The results 
suggest that each of the five Leu 9' residues participates indepen- 
dently and symmetrically in a key step in the structural transition 
between the closed and open states. 

Oocytes were injected with mRNA for wild-type subunits or 
for subunits containing the Leu9'Ser mutation: the latter are 
denoted here with an asterisk. Figure I shows raw traces and 
dose-response data for nAChRs that exemplify combinations 
for m' = 1 "> 3 and 4 Leu 9'Ser mutations, respectively. The 
clear t'rend'is that receptors with increasing require decreased 
ACh concentrations for half-maximum response (EC 50 ). vve 
analysed these dose-response relations tor all lour possible 
hetero-oligomeric combinations with m,« = 1 and for all but one 
of the combinations yielding m,' = 2. 3. 4 and S that contain 
either or 2a* subunits (Table 1 ; the afp'y 6 combination 
gave no detectable expression). The EC„ for ACh decreases by 
-10-fold for each additional mutated subunit (Fie. Ic). Thus 
the wild-tvpe nAChR has an ECjo of 24 uM. and the two combi- 
nations tested with ,«,* - 4 have EC*, of 2.0 and 2.3 nM 

There is a range of up to fourfold among the EC 50 value* 
within some groups with equal m,V These extrema were not 
consistently associated with a particular mutated subunit. ^ _ 
Dose-response relations for the a'afyo receptor (in the >>u - 
I group) were determined by injecting oocytes with mixtures ol 
a and a* messenger RNA. along with (3. y and 6 (tor example. 
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Abstract 

We have isolated cDNA clones encoding dihydropyrimidinase (DHPase) from humaa 1^ 
human fetal brain. The deduced ammo acid (aa) sequence of human DHPase showed 90% identity ?J h ^ 
the three homologues showed 57-59* aa identity with human DHPase, and ^V^SS 
termed these homologues human DHPase related protein (DRP)-L DRP-2 and DRP-3. »™« 

with chicken CRMP-62 (collapsin response mediator protein of relative molecular mass o 62 kDa i which 5 ^^^J^^^ 
arowth cone collapse. Human DRP-3 showed 94-100% aa identity with two P a '« a » W 11 *' £^ 

on after division, 64 kDa) which is specifically expressed in postmitotic neurons. Human DHPase and DRPs showed a lo er 

degree of aa sequence identity with Bacillus m aro**mu>pHitus hydantomase ( 39-42%) and C «™>*g^ 

Thus we describe a novel gene family which displays differential tissue distribution: i.e human P"^^ 

human DRP-1. in brain: human DRP-2. ubiquitously expressed except for liver; human DRP-3, mainly in heart and skeletal muscle. 

Keywords: Amidohydrolase: cDNA cloning; CRMP-62; Dihydropynmidine; TOAD-64; unc-33 



I. Introduction 

Dihydropyrimidinase ( 5.6-dihydropyrimidine amido- 
hydrolase (EC 3.5.2.2) DHPase) is the second enzyme 
involved in uracil and thymine catabolism. DHPase 
catalyzes the hydrolysis of 5,6-dihydrouracil to /V-carba- 
myl-0-alanine and 5.6-dihydrothymine to :V-carbamyl- 
p-aminoisobutyrate (Fritzson, 1957; Fntzson and Phil. 
1957). DHPase also catalyzes the hydrolysis of a variety 
of 5,6-dihydropyrimidines (Wallach and Glisolia, 1957; 



•Corresponding author. Tel. -~Sl 52 3538145: Fax +31 52 S423955: 
e-mail: mnonaka@med.nagoya-cu.ac.jp 

Abbreviations: aa. amino acid(s); bp, base pains); cDNA. DNA comple- 
mentary co RNA; CRMP-62. collapsin response mediator protein of 
relative molecular mass 62 kDa; DHPase. dihydropyrimidinase: DHP, 
gene i DNA) encoding DHPase; DRP. dihydropyrimidinase related 
protein: DRP, gene (DNA) encoding DRP: EST. expressed sequence 
tag; kb. kilobase(s) or 1 000 bp; kDa. kilodaUon; .v/„ relative molecular 
mass (dimensionless); ORF. open reading frame; RT-PCR. reverse tran- 
scriptase-polymerase chain reaction: TOAD-64. turned on after divi- 
sion, 64 kDa; UTR. untranslated regionis*. 
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Kim et aL, 1976) as well as hydantoins and succinimides 
(Dudley et al. t 1974; Maguire and Dudley, 1978). 
DHPase is a tetrameric Zn-" -metalloenzyme, containing 
four tightly bound Zn ions/molecule of active enzyme 
(Brooks et al., 1979,1983; tCikugawa et ai., 1994). The 
DHPase which we purified from rat liver has a molecular 
mass of 215 kDa and a subunit mass of 54 kDa 
(Kikugawa et al., 1994). Recently, we isolated a cDNA 
clone encoding DHPase (DHP) from rat liver, which 
contained a 1560-bp open reading frame (ORF) encoding 
a polypeptide of 5L9 residues (Matsuda et al., 1996). 
The sequence of this rat DHPase exhibited approxi- 
mately 40% amino acid (aa) identity with those of 
hydantoinase from Pseudomonas pucida and Bacillus 
stearothermophUus (Lapointe et al., 1994; Mukohara 
et ai., 1994). We report here the cloning and structural 
analysis of human liver DHP cDNA which we undertook 
to investigate dihydropyrimidinuria (fvlcKusick 222748) 
(Duran et aL 1990; Henderson et aL 1993; Ohba et aL 
1995) at the molecular level. 

During the cloning of human DHP cDNA, we noted 
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a series of sequences homologous to human DHP in the 
DDBJ, EMBL and GenBank data bases. Two sequences 
thought to be related to nervous system development 
showed a high degree of aa identity; chicken CRMP-62 
(collapsin response mediator protein of relative molecu- 
lar mass 62 kDa), which is required for collapsin-induced 
growth cone collapse (Goshima et aL 1995). and rat 
TOAD-64 (turned on after division, 64 kDa), which is 
exclusively expressed by postmitotic neurons as they 
begin their migration out of the ventricular zone into 
the developing cortical plate (Minturn et aL 1995). In 
addition, human DHPase showed a lower degree of aa 
identity with the putative product of the shortest cDNA 
species of Caenorhabditis elegans unc-33. which was 
identified by a mutation resulting in severely uncoordi- 
nated movement, abnormalities in the guidance and 
outgrowth of axons of many neurons, and a superabun- 
dance of microtubules in neuronal processes ( Li et aL 
1992). Moreover, a number of human expressed 
sequence tags < ESTs) mainly from brain showed 63-71% 
nucleotide (nt) identity with human DHP. Sequence 
comparison of the overlapping regions of these human 
ESTs revealed the presence of three distinctive, but 
highly similar sequences which are considered to form a 
gene family together with human DHP. As the first step 
in elucidating the structural and functional aspects of 
this gene family, we isolated three types of cDNA clones 
from human fetal brain whose products we termed 
human DHPase related protein (DRP)-l. DRP-2 and 
DRP-3. The deduced aa sequences of human DHPase 
and DRPs as well as their differential tissue distribution 
are presented. 



2. Materials and methods 



screening, human fetal brain cDNA was amplified by 
RT-PCR with primers derived from the nt sequences of 
human ESTs from brain and mouse Ulip (EMBL acces- 
sion No. X87817), a putative mouse counterpart of 
human DRP-3. For human DRP-i cDNA, the sense 
primer was 5-GTGGGCGGGACCACGATGAG-3' 
(from GenBank accession No. T06278) and the antisense 
primer was 5-AATGGGCTCTCCAAAAACTA-3' (from 
GenBank accession No. F1 1378). For human DRP-2 
cDNA, the sense primer was 5-CCTTAAAGCTG- 
C CCTCTTG A - 3 ' (from GenBank accession No. 
T07524) and the antisense primer was 5-GA- 
TGGTGATGGCTCGATTCA-3' (from DDBJ accession 
No. D38743). For human DRP-3 cDNA, the sense 
primer was 5 -GCCATTGGGAAGGACAACTT-3\ 
corresponding to the nt sequence of mouse Ulip at 
positions 1333-1352, and the antisense primer 
was 5 -TGGAGGAAGGCTTGCTTAACT-3' (from 
GenBank accession No. T05158). The PCR products of 
545. 769 and 704 bp, respectively, were obtained and 
subcloned into the pCR II vector (Invitrogen). Each 
cDNA fragment was sequenced using a 373A DNA 
sequencer (Applied Biosystems). Using the PCR ampli- 
fied cDNA fragments as probes, approximately 400 000 
plaques of the human fetal brain cDNA library were 
screened. Approximately 200 plaques for human DRP~ 
L 30 for DRP-2 and 30 for DRP-3 were identified at the 
first screening, and 19, 10 and 19 positive clones, respec- 
tively, were isolated and converted into pBluescript 
SK( + ) plasmid. The clones with the largest inserts of 
approximately 2.8 kb for DRP-L 4.5 kb for DRP-2 and 
5.1 kb for DRP-3 were completely sequenced using the 
373 A DNA sequencer (Applied Biosystems). Each 
sequence was determined from both strands. 



2./. [solution ofcDNA encoding human DHPase 

RT-PCR amplification of a portion of the rat DHP 
sequence has already been described (Matsuda et aL 
1996). Using the PCR amplified cDNA fragment as a 
probe, a human adult liver cDNA library (Stratagene) 
was screened. Twenty-five positive clones were isolated 
and converted into pBluescript SK(-h) plasmid. The 
clone with the largest insert of approximately 2.2 kb was 
completely sequenced using a 373A DNA sequencer 
(Applied Biosystems). Each sequence was determined 
from both strands. 

2.2. Isolation of cDNAs encoding three human DRPs 

A human fetal brain cDNA library (17 weeks) was 
constructed using a cDNA Synthesis System Plus 
(Amersham). an EcoRI Adapter (Promega). a Lambda 
ZAP II Vector (Stratagene) and Gigapack II Gold 
Packaging Extract (Stratagene), To obtain probes for 



2.3. Northern blotting analysis 

A Human Multiple Tissue Northern Blot 
(CLONTECH) was hybridized with 32 P-labeHed DNA 
probes synthesized using the Rediprime DNA labelling 
system (Amersham). An 878-bp Psrl-digested fragment 
from the 5 -region of the human DHP cDNA clone was 
used as a probe for Northern blotting analysis of human 
DHP. Three probes used for the screening of three 
human DRP cDNAs were also used as probes for 
Northern blotting analysis of three human DRPs. 
Hybridization was performed in 5 x SSPE (0.75 M NaCl, 
0.05 M NaH 2 P0 4 and 5 mM EDTA), lOxDenhardfs 
solution (0.2% Ficoll, 0.2% poly(vinylpyrrolidone) and 
0.2% bovine serum albumin), 100 \ig ml" 1 salmon sperm 
DNA, 50% deionized formamide and 2% sodium dodecyi 
sulfate (SDS) for 18 h at 42 C, and the filters were 
washed twice in 0.1 x SSC (15mM NaCl and L5mM 
Na citrate) and 0.1% SDS for 30 min at 65 5 C. 
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2.4. Computer analysis 

Homology searches of the DDBJ. EMBL and 
GenBank data bases were performed using the BLAST 
network service. Alignment of aa sequences and con- 
struction of the phylogenetic tree were performed using 
the CLUSTAL W program (Thompson et aL 1994). 



3. Results and discussion 

3.1. Isolation and sequence analysis of human DHP 
cDSA 

The human DHP cDNA clone with an insert of 
2129 bp contained a 1 1 6-bp 5'-untranslated region 
(CTR), a 1560-bp ORF (including the stop codon) 
encoding a polypeptide of 519 aa with a predicted <Vf r 
of 56 629 and a 444-bp y-UTR including a polyadenyla- 

,. j A ATA A A\ Krt nncfrpflm from a 9-hn 

HUH Jicnai ^nnnuiii; ' ^ f ~ j_. w --■ — - r 

poly(A) tail. The aa sequence from this clone showed 90 
and 42% identity with rat DHPase and B. stearother- 
mophilus hydantoinase, respectively. Homology searches 
of the DDBJ, EMBL and GenBank data bases using 
the BLAST network service revealed the presence of a 
series of sequences homologous to human DHPase 
(Table I). Moreover, a number of human ESTs. mainly 
from brain, showed 63-71% nt identity with human 
DHPase. 



159 

3.2. Isolation and sequence analysis of three human DRP 
cDNAs 

Three distinctive cDNA species were isolated from a 
human fetal brain cDNA library, and the clones of each 
species with the largest inserts were sequenced entirely. 
The human DRP-l clone with an insert of 2842 bp 
contained a 150-bp 5'-0'TR, a 1719-bp ORF (including 
the stop codon) encoding a polypeptide of 572 aa with 
a predicted M r of 62 182, and a 973-bp y-UTR including 
a polyadenylation signal (AATAAA) 16 bp upstream 
from its 3'-end. The human DRP-2 clone with an insert 
of 4507 bp contained a 274-bp y-UTR which included 
an inframe stop codon, a 1719-bp ORF (including the 
stop codon) encoding a polypeptide of 572 aa with a 
predicted M r of 62 292, and a 2466-bp y-UTR including 
a polyadenylation signal (AATAAA) 19 bp upstream 
from a 48-bp poly(A) tail. The human DRP-3 clone with 
an insert of 5124 bp contained a 1 10-bp S'-UTR which 
included an inframe stop codon. a 1713-bp ORF (includ- 
ing the stop codon) encoding a polypeptide of 5/0 aa 
with a predicted M t of 61 962 and a 3224-bp y-UTR 
including an atypical polyadenylation signal (AAATAA) 
12 bp upstream from a 77-bp poly (A) tail. 

Alignment of aa sequences of human DHPase, three 
human DRPs (Fig. 1), and related sequences of other 
species (data not shown), was performed. There was a 
high degree of aa identity over the entire coding regions 
among these sequences, except for their C-terminal end. 



Tabic 1 

The percent aa identity among DHP gene family members* 
^Identity 
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'The % aa identity was calculated based on the alignment carried out using the CLUSTAL W program. 

-This nt sequence predicted a similar but distinct aa sequence with two partial peptide sequences of rat TOAD-64 which were reported previously 

(Minium et aL. 1995). Therefore, we tentatively designated this nt sequence as rat TOAD-64' (EMBL accession No. Z46882). 

c Mouse unc-33 (EMBL accession No. XS7242). 

d Chicken CRMP-62 (GenBank accession No. U17277). 

'Mouse Ulip (EMBL accession No. X87817). 

f Rat DHPase (DDBJ accession No. D63704). 

*B. stearoihermuphilas hydantoinase (GenBank accession No. S73773). 
h C. etegans unc-33 (EMBL accession No. Z14146). 
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N..R V F . . . I . M 0 ... 56 

MAAPS . . . .R. . . W. . .F.EV. . .LV. . . WRAL . HD - LP . - GAPA . LR 50 

TIEANGRMVI PGGI DVNTYLQKPSQGMTAADDFFQGTRAALVGGTTMI IDHWPEPGSSL 1 16 

....HS H.RF.M.D....S K...A T . . 116 

K H.HF.M. YK. . .TV K. . .A E. . . 116 

VLD.A.KL.L TH.HM.F.FM.SRSI. ..H-.-K...S FAI.QK.G. . 110 



Hu DRP-1 LTSFEKWHEAADTKSCCDYSLHVDITSWYDGVREELEVLVQDKGVNSFQVYMAYKDVYQM 176 

Hu DRP-2 . AA . DQ . R . W . . S SE . HK . IQ . . M . A . . K . H L-...F..RF.L 176 

Hu DRP-3 TEAY . . . R . W . . G A H . N . S . KQ . VQN . IK M L..V 176 

Hu DHPase IEA . . T . RSW . . P . V AV . W . S . Q . K . . MKI KMF L . MV 170 

Hu DRP-1 SDSQLYEAFTFLKGLGAVILVHAENGDLIAQEQKRILEMGITGPEGHALSRPEEUEAEAV 2 36 

Hu DRP-2 T.C.I. . VLSVIRD I . . IAQ I..E..Q...DL V V 236 

9u DRP-3 .NTE . . . I . .C .GE . . .IAQ I T.M V 2 36 

Hu DHPase T . LE SRC. EI. -IAQ EGA . KM . AL E . C . . . A V . . . . T 230 

Hu DRP-1 FRAITIAGRINCPVYITKVMSKSAADIIAI^ARKKGPLVFGEPIAASLGTDGTHYWSKNWA 296 

Hu DRP-2 N NQT...L S.EV..Q TV . Y . . . . T S 296 

Hu DRP-3 SQT...L.V L . SQ NV T..-.I 296 

Hu DHPase L SAV...L..VH KV . . D . . RD . KV . Y N-E.H 290 

Hu DRP-1 KAAAFVTSPPLSPDPTTPD YLTSLIiACGDLQVTGSGHCPYSTAQKAVGKDNFTLIPEGVN 3 56 

Hu DRP-2 F.N...S A . . TFN T. 356 

Hu DRP-3 IN .... S ... . LS . . A . . TF I A....T. 356 

Hu DHPase H . . HH . MG . ..R...S...F. MN . . . ND . . TT . . TON . TFN . C . ..L...D..K..N-.- 350 

Hu DRP-1 GIEERMTVWDKAVATGKMDENQFVAVTSTNAAKIFNLYPRKGRIAVGSDADWIWDPDK 416 

Hu DRP-2 .T....S.I V V L S 416 

Hu DRP-3 .V.. ..S.I 5....S.L A 416 

Hu DHPase . V . D . . S . I . E . G . HS R I KG 410 



Hu DRP-1 LKT ITAKSHKSAVE YNIFEGMECHGSPLWISQGK IVFEDGNINVNKGMGRFIPRKAFPE 476 

Su. DRP-2 V. . .S. .T.N.SL R L. . . TLH . TE . S - .Y....P--D 476 

Hu DRP-3 V . IVS . . N . Q . - A LR . A C .... KL ... . LH . TQ . A CSP . SD 476 

Hu DHPase TR . . S . . T . HQ . . NF V . . . V . . . T . . R . . V . Y . A . VFS . TA . D . K P. A. 470 

Hu DRP-1 HL.YQRVK IRNKVFGLQGVSRGMYDGPVYEVPATPK YATPAPSAKSSPSKHQPPPIRNLHQ 536 

Hu DRP-2 FV .K.I . A . SRLAE . R . . P . . L C . . SV . . . TV . . . S . . . T . . A . Q . A . . V 536 

Hu DRP-3 YV.K.I.A.R.MAD.HA.P FDLTT . . . GG . . . G . . RG . . TRPN- . . V 535 

Hu DHPase YI . K . I . Q . DRTCTPTP . E . AP . K . E . ATLKSRV TKEDA-TAGTRKQAH . 519 



Hu DRP-1 SNFSLSGAQIDDNNPRRTGHRIVAPPGGRSNITSLG 57 2 

Hu DRP-2 . G I.....TQ A 572 

Hu ORP-3 . G T.V.EG-V.SASK S 570 



Fig. 1. Alignment of the aa sequences of human DHPase and three human DRPs. The alignment of human DHPase (Hu DHPase), human DRP-l 
(Hu DRP-U, human DRP-2 (Hu DRP-2) and human DRP-3 (Hu DRP-3) was performed using the CLUSTAL W program. Identical residues 
with human DRP-l in human DRP-2, DRP-3 and DHPase are shown by dots. Gaps introduced to increase the identity are shown by dashes. The 
nt sequence data of human DHPase. human DRP-1. DRP-2 and DRP-3 will appear in the DDBJ. EMBL and GenBank nt sequence databases 
with accession Nos. D7801I. D7S012, D7S013 and D7S014. respectively. 



The calculated percentages of aa identity among these 
sequences based on this alignment are shown in Table I. 
In addition, the aa sequence of DRP-3 showed 94-100% 
identity with two partial peptide sequences of rat 
TOAD-64. From these results, we concluded that human 
DRP-2 is a counterpart of rat TOAD-64'. mouse unc-33 
and chicken CRMP-62; and human DRP-3. a counter- 



part of mouse Ulip and rat TOAD-64. A lower degree 
of aa identity was observed between these sequences and 
B. stearothermophilus hydantoinase (39-40%) or C. eleg- 
ans unc-33 (32-33%). A phylogenetic tree of the DHPase 
related sequences was constructed based on this align- 
ment using the neighbor-joining method (Saitou and 
Nei, 1987) and is shown in Fig. 2. The C. elegans unc-33 
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Fig. 2. Phylogeneuc tree of DHP gene family. The relationship among 
human DHPase iHu DHPase*. rat DHPase ( Ra DHPase). human 
DRP-l (Hu DRP-l). human DRP-2(Hu DRP-2), human DRP-3 (Hu 
DRP-3). rat TOAD-64' | Ra TOAD-64'), mouse unc-33 (Mo unc-33), 
chicken CRMP-62(Ch CRMP-62). mouse Ulip I Mo Ulipt. B. stearoth- 
ermophiius hydanioinase \Ss Hydantoinasc) and C. eteguns u/ic-JJ {Ce 
unc-33) was analyzed by the CLUSTAL W program. The phylogenetic 
tree was constructed by the neighbor-joining method based on this 
alignment. Numbers on branches are bootstrap percentages supporting 
a given partitioning. 
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3.3. Differential tissue distribution of human DHPase and 
three human DRPs 

The distribution of human DHP and DRP mRNAs in 
eight different adult organs was examined by Northern 
blotting using a Human Multiple Tissue Northern Blot 
(CLONTECHh as shown in Fig. 3. Hybridization and 
washing were carried out at high stringency to prevent 
cross-hybridization. Human DHP mRNA was detected 
at a very high level in liver and at a high level in kidney 
as two bands, a major 2.5-kb band and a minor 3.8-kb 
band (Fig. 3A). Human DRP-l mRNA was detected at 
a high level in brain as two bands, a major 2.9-kb band 
and a minor 4.9-kb band (Fig. 3B). Human DRP-2 
mRNA was detected at a very high level in brain, at a 
high level in heart and lung, and at a low level in 
placenta, skeletal muscle, kidney and pancreas as a 
4.9-kb band (Fig. 3C). Human DRP-3 mRNA was 
detected at a high level in heart and skeletal muscle, and 
at a low level in brain and lung as a 5.8 kb-band 
(Fig. 3D). The size of the major band of each mRNA 
was in good agreement with that of the longest insert of 
each cDNA clone. Thus, human DHP and DRP mRNAs 
showed differential tissue distribution. Interestingly, 
tissue distribution patterns of DRP mRNAs showed an 



sequence shows the greatest divergence from the other 
sequences compared here. The next most divergent 
sequence is that of B. stearothermophiius hydantoinase, 
and human and rat DHPase which form a group which 
diverged From three human DRPs and their counterparts 
in other species. Thus, mammalian DHP, mammalian 
and avian DRP, the gene encoding B. stearothermophiius 
hydantoinase and C. elegans unc-33 form a novel gene 
family, which we have tentatively termed the DHP 
gene family. 

Partial sequences for human DRP-l and DRP-2 have 
been reported as hCRMP-l (GenBank accession No. 
U 1 7278) and hCRMP-2 (GenBank accession No. 
U 1 7279), respectively, which were identified by sequence 
analysis of EST clones homologous to CRMP-62 
(Goshima et aL, 1995). However, the position of the 
start codon of hCRMP-1 has been assigned to the 64th 
aa of the human DRP-l sequence, probably because the 
EST clone used for hCRMP-1 sequence analysis was 
truncated at its 5'-end. Our assignment of this codon is 
based on the facts that: (i) this is the most upstream 
start codon in the sequence; (ii) GCC at the relative nt 
position of —3 to —1 matches Kozak's consensus 
sequence ( Kozak, 1986); and (iii) when aligned with 
human DRP-2, DRP-3 and their counterparts in other 
species, the position of this Met corresponds with the 
position of the start Met of other sequences (Fig. 1). 
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C. Human DRP-2 D. Human DRP-3 

Fig. 3. Northern blotting analysis of human DHP and three human 
DRPs. A Human Multiple Tissue Northern Blot (CLONTECH) was 
hybridized according to the manufacturers instructions with J: P- 
labellcd DNA probes synthesized by Rediprime DNA labelling system 
lAmersham). Hybridizations were carried out with probes for human 
DHP (A), human DRP-l ( B), human DRP-2 (C) and human DRP-3 
[ D). Each lane contained 2 ug poly(A)* RNA from human adult heart 
{ H K brain < B). placenta ( PI ). tung ( Lu). liver < Li ), skeletal muscle I M ), 
kidney < K) and pancreas ( Pa). 
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apparent di.screpancy among species. Although human 
DRP -2 \> widely expressed in various adult tissues except 
for li\er. us chicken counterpart. CRMP-62. is reported 
to be brain specific in E7 and EL7 embryo (Goshima 
et aL 1995). Moreover, whereas human DRP-3 is mainly 
expressed in heart and skeletal muscle, its possible rat 
counterpart. TOAD-64. is expressed in a brain-specific 
manner in the Pi neonate (Minturn el aL 1995). On 
the other hand, in human adult tissues. DRP-l with no 
known counterparts in other species, shows a brain- 
specific expression. This apparent discrepancy may 
reflect a difference in the developmental stage of the 
tissue source. Our data were obtained using adult tissues, 
whereas other investigators have used embryos or neo- 
nates. Further studies involving isolation of counterparts 
from various experimental animals as well as analysis of 
tissue distribution of human DRP mRNAs among fetal 
tissues, will resolve this apparent discrepancy. 

3.4. Possible chromosomal localization of human DRP 
genes 

There are some ESTs homologous to human DRPs 
which have a defined chromosomal localization. D25269 
(DDBJ accession number) which corresponds to a por- 
tion of the 3 -UTR of human DRP-l cDNA is located 
at 4pl5-l6.L near the Huntington disease loci ( Ishida 
et aL. 1994). D38661 (DDBJ accession number), D38742 
( DDBJ accession number) and D38743 ( DDBJ accession 
number) which correspond to a portion of the coding 
region of human DRP-2 cDNA are localized at 8p2l 
(Koyama et aL. 1995). However, Z47338 (EMBL acces- 
sion number) which also corresponds to a portion of the 
coding region of human DRP-2 cDNA ts localized on 
chromosome 21. Regardless of the location of the 
actual locus for the human DRP-2 gene, the human 
DRP-l and DRP-2 genes seem to reside on different 
chromosomes. 

3.5. Functional implication of three human DRPs 

Although some of the human DRP counterparts in 
other animals and C. elegans have been shown to be 
involved in development of the nervous system, the 
biochemical basis for their function remains to be clari- 
fied. The data presented here demonstrates that the 
primary structure of DHPase has a higher degree of 
similarity to DRPs than to bacterial hydantoinase, sug- 
gesting the intriguing possibility that DRPs may also be 
varieties of amidohydrolase. We could not detect, how- 
ever, DHPase activity in extra-hepatic tissues except for 
kidney in adult and newborn rats (Tamaki et aL. unpub- 
lished observation), and furthermore recombinant 
CRMP-62 did not show hydantoinase activity (Goshima 
et aL, 1995). Therefore. DRPs may act on substrates 
other than DHPase or hydantoinase. even if they are 



actually amidohydrolases. fn this context, it is note- 
worthy that there is a highly conserved region amons 
the DHPase and DRPs sequences. As shown in Fig. t. 
the 42-aa stretch (from the 373rd to 414th residue of 
human DHPase) is completely conserved among these 
sequences, except for only five positions where conserva- 
tive aa substitutions were observed. Although a high 
degree of conservation implies functional importance, 
this region is not required for CRMP-62, since the 
original functionally isolated CRMP-62 clone lacked 
this region. This may imply that DRPs, and probably 
DHPase as well, are multifunctional proteins which are 
capable of both amidohydrolase activity as well as other 
types. As shown in Table I. the human and rat DHPase 
aa sequences show 90% identity, whereas DRPs show 
higher conservation. 97-99%. among mammalian species 
or even between mammalian and avian species. It is. 
therefore, suggested that DRPs are involved in a basic 
cellular process. Together with what we know about the 
wide tissue distribution of DRP mRNA, it seems prob- 
able that DRP is not restricted to functioning only 
within the nervous system but is essential to all cells. 
Further analysis of recombinant DHPase and DRPs 
will reveal the biochemical nature of these molecules. 



4. Conclusions 

(M We have isolated cDNA clones encoding human 
DHPase and three human DRPs, which are homolo- 
gous to non-human genes involved in nervous 
system development. 

(2) Mammalian DHP, mammalian and avian DRP, the 
gene encoding bacterial hydantoinase and C. elegans 
unc-33 form a novel gene family, which we have 
tentatively termed the DHP gene family. 

(3) Human DHP and three human DRP mRNAs 
showed differential tissue distribution. 
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attgnement des cDNA humains UUpl-4 

Xgtcttm^^ 

&TGT CGT ACCAG GGCAAG AAG AGCATCCC r qcCT 

***** * ** ** ***** ****** 

T CT GATCAAAGG AG6 TAAAATTGT TAATG ^^j?I55H*JwGOTG 
JcT^TCAAAGGTGGACGGATCATC^CGATGACCAATCCW • 

TCTGATCAGAGGTGGGAGGATCGTGAATGACGACCAGTCCTTTTACGCTG 

**** ** ** * ** 

ATATTTACATGGAAGATGGCTTAATAAA?iCAAATTGGAGAC^TCTG^TT 

aStatacatggaagatgggttgatc^^ 

ACGTCT ACCT GGAGGATGGACT ^ A ^^^^^^p5^g^RAQCTCATC 

atgtgcacgtggaagatggcttgataaaaca^tcg^agaaaacctcatc 

+ * ** **** ***** * ** ** 

gttcctggaggagtgaagaccattgaagcca^ 
gtgccaggaggagtgaagaccatcgaggccca^ 
gttcSggtggagtgaagaccattgaagc^cgggcgga^ 
gtccctgggggc^tcaagaccattgacgcccacggcctgatggtccttcc 

** ** ** ** * ******** ** *"* * 




**■ * ** *** * 



** * ** 



CCACAGTAGATGACTTCTTCCliAGGGACAAAGGCGGCCTTAGCAGGTGGC 
r OTMGCTGATGATTT CT T CCAAGGAACCAAGGCGGCCCT GGCTGGGGGA 

SccggSSSttctgtcagggcaccaaggcag^ 



** ** * *** 



** * * +* ** 



* ** ******** ** 

ACCACCATGAT(MTGACCATGTGGTGCCTGAGCCTGAGTCCAGCCTGAC 
aSScATTGACCA^ 

accacgatgatcattgac^tgttgttcctga^cctg^ 



***** * * 



ACCACCATGATCTTGGACi 
***** ****** * ***** ** 

cgctgcctttgaccagtggagggaatgggccga^ 

rArrTCTTTCGAGAAGTGGCACGAAGCAGCTGACACCAAATCCTGCTGTG 

* * ** *** ** ** ** 

arTRTGCCCTGCATGTGGACATCACCC\CTGGAATGACAGCGTCAAGCAG 



* ** * ** ** ********** *** * 

gagctggaggccctggtcaaggagaagggtgtg^ctccttcctggtctt 

** ** * ** * **** * ** 



hOlip-1 
hUlip-2 
hUlip-3 
hUlip-4 



TATGGCTTATAAGGATTTGTATCAAGTATCTAACACAGAfeCTCTATGAGA 
CATGGCT T TCAAAGATCGCTT CCAGCT AACGGAT TGCCAGAT TTAT GAAG 
CATGGCCTATAAGGATGTCTACCAAATGTCCGACAGCCAGCTCTATGAAG 
CATGGCATACAAGGACCGGTGCCAGTGCAGCGACAGCCAGATGTACGAGA 
***** + ** •*+ * ** * ** * ** ** 



hOlip-1 
htflip-2 
hUlip-3 
htflip-4 



- TCTTCACCTGCCTGGGAGAGCTGGGGGCCATTGCTCAAGTTCATGCTGAG 
TACTGAGTGTGATCCGGGATATTGGCGCCATAGCCCAAGTCCACGCAGAA 
CCTTTACCTTCCTTAAGGGCCTGGGAGCTGTGA7CXTGGTCCATGCAGAA 
TCTTCAGCATCATCCGGGACCTGGGGGCCTTGGCCCAGGTGCACGCTGAG 
* * * ******* ** +* ++ ** 



huiip-l 

hUlip-2 
MJlip-3 
MJUp-4 



AATGGGGATATCATTGCCCAGGAGCAAACCCGCATGTTGGAAATGGGGAT 
AATGGCGACATCATTGCAGAGGAGCAGCAGAGGATCCTGGATCTGGGCAT 

AATGGAGAT T TGATAGCT C AGGAACAAA AGCGGATCCTGGAGATGGGCAT 
AACGGGGACATCGTGGAGGAGGAGCAGAAGCGGTTGCTGGAGCTCGGCAT 

** ** ** * * * **** ** * * **** * ** ** 



hUlip-1 
h01ip-2 
hDlip-3 
hUlip-4 



AACTGGCCCAGAAGGCCATGTACTGAGCAGGCCAGAAGAGCTGGAAGCTG 
CACGGGCCCCGAGGGACATGTGCTGAGCCGACCTGAGGAGGTCGAGGCCG 
CACGGGTCCCGAGGGCCATGCCCTGAGCAGACCTGAAGAGCTGGAGGCCG 
CACTGGCCCCGAGGGCCACGTGCTCAGCCACCCCGAGGAGGTGGAGGCTG 
** ** ** ** ** ** * ** *** ** ** *** ****** 



hUUp-i 

bUlip-2 
hUlip-3 
hUlip-4 



AGGCTGTGTTCCGTGCCATCACCATTGCCAGCCAAACCAATTGCCCTCTC 
AAGCCGTGAATCGTGCCATCACCATCGCCAACCAGACCAACTGCCCGCTG 
AGGCGGTGTTCCGGGCCATCACCATTGCGGGCCGGATCAACTGCCCTGT.G 
AGGCGGTGTACCGAGCTGTCACCATCGCCAAGCAGGCAAACTGCCCGCTG 
* ** *■** ** *+ ******* ** * +* ***** . * 



hUlip-l 
hUlip-2 
hUlip-3 
hOlip-4 



TACGTCACAAAGGTCATGAGCAAGAGTGCAGCTGACCTCATCXCACAAGC 
TATATCACCAAGGTGATGAGCAAAAGCTCTGCTGAGGTCATCGCCCAGGC 
TACATCACCAAGGTCATGAGCAAGAGTGCAGCCGACATCATCGCTCTGGC 
TAC6TCACCAAGGTGATGAGCAAGGGGGCGGCCGACGCCATCGCTCAGGC 
** **** + **•** ******** * ***** **** * * ** 



hoiip-1 
hUlip-2 
hUlip-3 
hUlip-4 



CAGGAAAAAAGGAAATGTAGTCTTTGGTGAGCCCATCACTGCCAGCCTCG 
ACGGAAGAAGGGAACTGTGGTGTATGGCGAGCCCATCACTGCCAGCTTGG 
CAGGAAGAAAGGGCCCCT AGT T TT TGGAGAGCCCATTGCCG CC AGCCTGG 
CAAGCGCAGAGGGGTGGTCGTGTTT.GGGGAGCCCATCACCGCCAGCCTGG 
* *. *.* •***#■*** ******** * ****** * * 



hulip.-l 
hUlip-2 
hOlip-3 
hUlip-4 



GCATAGATGGAACCCATTATTGGAGCM.GAACTGGGCCAAGGCGGCTGCA 
GAACG GACGGCT CCCAT TACTGGAGCAAGAACT GGGCCAAGGCTGCT GCC 
GGACCGATGGCACCCATTACTGGAGCAAGAACTGGGCCAAGGCTGCGGCG 
GCACCGACGGTTCACACTACTGGAGCAAGAACTGGGCCAAGGCCGCAGCC 
* * ** ** * ** ** *********************** ** ** 



hOlip-1 
hUlip-2 
hUlip-3 
hOlip-4 



tttgtgacatccccacccctgagc'cctgacccaactactccggactacat 
tttgtcacctccccacccttgagccctgatccaaccactccagactttct 
ttcgtgacttcccctcccctgagcccggaccctaccacgcccgactacxt 
ttcgtcaca!tcaccccctgtcaacccagaccccaccacggcagaccacct 

** ** ** ** ** ** * * *** ** ** ** ** * *** * 



noiip-i 

hUlip-2 
hOIip-3 
hOIip-4 



caactccttgctggccagcggggatctgcagctatctgggagtgcccact 
caactccttgctgtcctgtggacacctccaggtcacgggcagtgcccatt 
gacctccctactggcctgtggggacttgcaggtcacaggcagcggccact 
cacctgcttgc t gtccagcggggacct ccaggtgacag gcagcgcccact 

* * * * * *** ** ***** * *** * ****** ***■ * 



hOlip-1 
hOlip-2 
hUlip-3 
hUlip-4 



GCACCT TCAGCACTGCCCAGAAAGCAAT TGGGAAGGACAACTTCACAGCC 
GCACGTTTAACACTGCCCAGKAGGCTGTAGGAAAGGACfifeCTTCACCCTG 
GTCCCTACAGCACTGCCCAGAAGGCGGTGGGCAAGGACAACTTTACCCTG 
GCACCTTCACCACTGCCCAGAAGGCTGTGGGCAAGGACAACTTCGCGCTG 
* * * * ************ ** * ** *********** * 



halip-1 
hUlip-2 
hUlip-3 
hUlip-4 



ATTCCTGAGGGCACCAATGGTGTGGAGGAGCGGATGTCTGTCATCTGGGA 
ATTCCGGAGGGCACCAATGGCACTGAGGAGCGGATGTCCGTCATCTGGGA 
ATCCCCGAGGGTGTCAACGGGATAGAGGAGCGGATGACCGTCGTCTGGGA 
ATCCCCGAGGGCACCAACGGCATTGAGGAGCGCATGTCGATGGTCTGGGA 
** ** ***** *** ** ******** *** * ■ * ******* 



hUlip-1 
hUlip-2 
hCJlip-3 
hUlip-4 



CAAGGCTGTGGCCACAGGGAAAATGGACGAAAACCAGTTCGTGGCTGTGA 
CAAGGCTGTGGTCACTGGGAAGATGGATGAGAACCAGTTTGTGGCTGTGA 
CAAGGCGGTGGCTACTGGCAAAATGGATGAGAACCAGTTTGTCGCTGTCA 
GAAATGTGTGGCCTCTGGGAAGATGGACGAGAATGAGTTCGTCGCGGTGA 
+ * **** * ** ** ***** ** ** **** ** ** ** * 



hnlip-1 
hUlip-2 
hOlip-3 
hUlip-4 



O^CACAAACGCtGCCAAGATCTTCAACCTGTATCCCCpCAAGGGAAGA 
CCAGCACCAATGCAGCCAAAGTCTTCAACCTTTACCCCCGGAAMGCCGC 
CCAGCACCAATGCAGCCAAGATCTTTAACCTGTACCCAAGGAAAGGGCGG 
CCAGTACAAATGCTGCCAAAATCTTCAATTTTTACCCAAGGAAGGGGCGA 
* ** ** ***** **** ** ***** * ** ** * 



hUlip-1 
hUlip-2 
hUlip-3 
hUlip-4 



ATATCTGTGGGTTCTGACAGCGACCTCGTCATCTGGGATCCAGATGCTGT 
ATTGCTGTGGGATCCGATGCCGACCTGGTCATCTGGGACCCCGACAGCGT 
ATTGCCGTGGGCTCGGATGCCGACGTGGTCATCTGGGACCCCGACAAGTt 
GTGGCTGTGGGCTCTGACGCTGACCTGGTCATATGGAACCCCAAGGCCAC 
* * ***** ** ** *** * ***** *** * ** * 



hUlip-1 
hUlip-2 
hUlip-3 
hUlip-4 



GAAGATCGTCTCTGCCAAGAACCACCAGTCTGCGGCAGAGTACAACATCT 
TAAAACCATCTCT GCCAAGACACACAAC AGCTCT C TCGAGTACAACAT CT 
GAAGACCATAACAGCCAAAAGTCACAAGTCGGCGGTGGAGTACAACATCT 
CAAGATCATCTCTGCCAAGACCCACAATCTGAACGTGGAGTACAACATCT 
***** * ***** * *** * ************* 



hUlip-l 
h01ip-2 
h01ip-3 
hOlip-4 



TTGAAGGGATGGAGCTGCGCGGGGCTCCTCTGGTTGTCATCTGCCAGGGC 
TTGAAGGCAOTGGAGTGCCGCGGCTCCCCACTGGTGGTCATCAGCCAGGGG 
TCGAGGGTATGGAGTGCCACGGCTCCCCACTAGTGGTCATCAGCCAGGGC 
TCGAGGGAGTGGAGTGCCGGGGAGCGCCTGCCGTGGTCATAAGTCAGGGC 
* ** ** ***** * ** *** ** ***** * ***** 



hDlip-1 
hUlip-2 
hUlip-3 
hUlip-4 



AAGA^rUATGCTGGAAGATGGCAACCTGCACGTGACCCAGGGGGCTGGCCG 
AAGATTGTCCTGGAGGACGGCACCCTGCATGTCACCGAAGGCTCTGGACG 
AAGATCGTCTTTGAAGACGGAAAGATCAACGTCAACAAGGGCATGGGC-CG 
CGAGTGGCGCTGGAGGACGGGAAGATGTTTGTCACCCCGGGGGCGGGCCG 
* ******** * **** ** **** 



hUlip-1 
hUlip-2 
hUlip-3 
hUlip-4 



CTTCATACCCTGCAGCCCGTTCTCCGACTATGTCTACAAGCGCATTAAAG 
CTACATTCCCCGGAAGCCCTTCCCTGATTTTGTTTACAAGCGTATCAAGG 
CTTCATTCCGCGGAAGGCGTTCCCGGAGCACCTGTACCAGCGCGTCAAAA 
CTTCGTCCCTCGGAAAACATTCCCGGACTTTGTCTACAAGAGGATCAAAG 
****** * * * *** * ** * *** ** * * *+ 



hOlip-1 
hUlip-2 
hUlip-3 
h01ip-4 



CACGGAGGAAGATGGCAGACCtGCATGCCGTCCCAAGGGGCATGTACGAT 
CAAGGAGCAGGCTGGCTGAGCTGAGAGGGGTTCCTCGTGGCCTGTATGAC 
TCAGGAATAAGGTTTTTGGATTGCAAGGGGTtTCCAGGGGCATGTATGAC 
CTCGCAACAGGCTGGCGGAGATCCACGGTGTGCCCCGTGGGCTGTATGAC 
***** * * ******* **** ** 



hUlip-1 
hUlip-2 
hUlip-3 
hUlip-4 



GGGCCTGTGTTT6ACCT6ACC&CCACCCCCAAAGGTGGCACCCCCGCAGG 
GGACCTGTGTGTGAAGTGTCTGTGACGCCCAAGACAGTCACTCCAGCCTC 
GGTCCTGTGTACGAGGTACCAGCTACACCCAAATATGCAACTCCCGCTCC 
GGGCCCGTCCACGAGGTGATGGTGCCTGCCAAGCCAGGGAGTGGCGCTCC 

** ** ** ... 



hUlip-1 
hUlip-2 
hUlip-3 
hOlip-4 



hOlip-1 
hUlip-2 
hOlip-3 
hUlip-4 



hUlip-1 

1 1 W JL £. 

hUlip-3 
hUlip-4 



hUlip-1 
hUlip-2 
hUlip-3 
hOlip-4 



CTCTGCTCGGGGCTCTCCTACT CGGCCGAACCCACCTGTGAGGAATC 

CTCGGCCAAGACGTCTCCTGCCAAGCA<5CAGGCCCCACCTGTCCGGAACC 

TTCAGCCAAATCTTCGCCTTCTAAACACCAGCCCCCACCCATCAGAAACC 

GGCCCGCGCGTCCTGCCCAGGCAAGATCTCCGTGCCTCCTGTGCGCAACC 
* * ** . ********* 

TTCATCAGTCGGGATTTAGCCTGTCAGGCACCCAAGTGGATGAGGGGGTT 

TGCACCAGTCTGGATTCAGTTTGTCTGGTGCTCAGATTGATGACAACATT 

TCCACCAGTCCAACTTCAGCTTATCAGGTGCCCAGATAGATGACAACAAT 

TACATCAGTCGGGGTTCAGCCTATCTGGGTCTCAGGCTGATGACCACATC 
* ** ***** ** *+ * ** ±* * ***** 

C GCTCAGCCAGCAAGCGCATCGTGGCCCCCCCAGGCGGCCGTTCTAA 

CCCCGCCGCAuCAuCCAGCGTATCGTGCrC^^ 

CCCAGGCGCACCGGCCACCGCATCGTGGCGCCCCGTGGTGGCCGCTCCAA 

GCgCGACGCACAGCACAGAAGATCATGGCACCACCTGGCGGCCGCTCCAA 
* * * *** **** ** ** ** ***** * + * 

TATGACATCTCTGAGTTAA 

CATCACCAGCCTGGGCTAG 

CATCACCAGCCTCGGTTGA 

CATCACCTCTCTCTCCTAG 
***** ** * 



Sequences (U1:U2) Aligned Score: 68.7682 
Sequences (U1:U3) Aligned. Score: 67.0169 
Sequences (U1:U4) Aligned. Score: 64.6235 
Sequences (U2:U3) Aligned Score: 70.1571 
Sequences (U2:U4) Aligned. Score: 69.0518 
Sequences (U3:4) Aligned. Score; 65.2705 



